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—because of the ease with which mium-nickel stainless steel an 
this equipment can be cleaned. ideal material for equipment. 
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The rotary vacuum filler-cap- 





carbon steel, it permits cutting 






per, shown above, is equipment 





bulk and deadweight without 






of this kind. It saves money, time 
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and labor, day-after-day. 
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Easy to clean and keep clean, it formed, and is easy to weld. 






also combats wear and general 
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abuse because it’s made of chro- 






duce stainless steel containing 





mium-nickel austenitic stainless 





nickel in tubular, sheet and strip 






steel. 






form. A list of the sources of sup- 
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Experimental Stress Analysis 


Since the appearance, in December 1946, of a 16-page 
symposium on Experimental Stress Analysis, PRODUCT 
ENGINEERING has been deluged with requests for more in- 
formation. Letters from all over the world reveal the 
growing appreciation of this design technique, which is 
proving more valuable every day. In answer to these re- 
quests, PRODUCT ENGINEERING follows up the symposium 
of case histories with a detailed discussion on how to set 
up an Start- 
ing on page 113, these vital questions are answered: When 
should experimental stress analysis be considered? What 
ire the relative merits of photoelasticity, brittle coatings, 
electric strain gages, and mechanical extensometers? What 
equipment is required? What does it Where can 
learn about these methods for creating better 


experimental stress program in your plant. 


cost ? 
one 


designs ? 


more 


Precision Investment Casting 


Precision investment casting became a reliable engineer- 
ing process through the need for accurately formed parts, 
difficult or costly to machine. Although its general availabil- 
ity to industry was announced just after the war, its engi- 


neering properties are only now being evaluated. Beginning 
on page 81, Edwin Laird Cady discusses design require 


ments for precision castings and the characteristics of the 


iterials used 


Spring Redesign 


lime and effort are often expended in redesigning springs 
for circuit breakers and other.calibrated instruments—the 
problem being to reduce spring stress without changing 
the spring rate, installed height and solid height. On 
page 143, A. Bodenschatz presents formulas for redesign- 
ing springs of fixed length and spring rate. 


Delayed Magnetic Latches 


Engineers who may be familiar with magnetic opening 
and closing devices will be particularly interested in mag- 
netically-latched relays which have a “memory” among 
other things, they always “remember” the last position of 
the armature. Beginning on page 110, Fritz Didszuns dis- 
cusses several different types of memory relays that use 
magnetic latching. 


Spray ed Wiring 


The trend toward mechanization in design—use of pre- 
built and standard components—continues to grow. Elec- 
tric wiring is being affected by three types of “prefabrica- 
tion”: Printed electric circuits, first reported on page 134. 


MAY 


ELECTRICAL WIRING FOR MOTOR DRIVEN MACHINES. Spe- 
cial editorial insert, 16 pages, dealing with power and 
control wiring details, types of insulated conductors, de- 
sign factors and installation requirements for obtaining 
efficient machine performance, trouble free operation and 


attractive appearanc Ç. 


CELLULOSIC PLASTICS AS ENGINEERING MATERIALS, by 
Marie Bentivoglio and Millard Demarest, Plastics Di- 
vision, Celanese Corporation of America. Properties 
and applications of this basic group of plastics, which 


S S G Gaa ee 


of July 1946, PRODUCT ENGINEERING and evaluated ¢ 
page 158 of this issue; stamped wiring, see page 168 

September 1947, PropucT ENGINEERING; and sprayed 
wiring. On page 141, John T. Collier describes the tech 
nique, advantages, limitations and cost of sprayed meta 
circuits for mass production of electric components. 


Design Advantages of Brazing 


Use of new production techniques, to utilize design ad 
vantages of assembled construction, became highly de 
veloped during the war. Copper furnace brazing, for 
instance, first discussed in PRODUCT ENGINEERING, October 
1946, has found a permanent place in engineering design 
because of cost reduction and production shortcuts. De 
sign advantages of this, and five other brazing methods 
are discussed by S$. De Domenico and A. Squire, West 
inghouse Electric Corporation, on Messrs 
De Domenico and Squire also describe physical properties 
of brazed joints and influence of materials. 


page SO. 


Analyzing Machine Noise 


An ever present aspect of the design engineer's art is 
the understanding of machine noise and how to reduce 
it. Based on a series of studies performed at the Armour 
Research Foundation of the Illinois Institute of Tech 
nology, Dr. Howard C. Hardy concludes a discussion of 
> fundamentals. Beginning on page 137, Dr. Hardy 
outlines a systematic procedure for reducing the noise level 


in machinery. 


noise 


Hydraulic Shock Absorber Orifices 


Modern machines and equipment require mechanisms 
specifically designed for control of shock and vibration. 
Many such devices are hydraulic, and require the use of 
some type of metering orifice, through which liquid passes. 
On page 146, Joseph Brown of the Naval Aircraft Factory 
follows his first article, February issue, with a practical dis- 
cussion showing how the equations he derived can be used 
to design several types of orifices. 


Designing for Low Scrap 


Cost-conscious designers are constantly on the lookout 
for economical methods of fabrication. Often a worth- 
while saving can be effected in the initial step—laying out 
of the sheet stock preliminary to fabrication. On page 
150, E. F. McCaleb, General Electric Company reminds 
designers that proper “nesting” may allow increased num- 
bers of finished parts to be produced from the same piece 
of initial stock. Sometimes the shape of a part can be 
changed without impairing its load carrying ability. 


HIGHLIGHT Summ 


were previously considered by some as materials suit- 
able only for decorative and novelty products. The 
authors prove the industrial utility of these materials 


PHOTOELASTIC INVESTIGATION OF STRESS-RELIEVING FIL- 
LET Curves, by Everett Chapman. Few engineers ap- 
preciate the rapidity and simplicity with which many 
design problems can be resolved photoelastically. ( 
centrations of local stresses where machine component 
meet can be studied quickly through photoelasticity 
is shown by this study of keyway fillet blending cur 

APRIL, 


Propuctr ENGINEERING - 








ae a ee ee ee 





Pronuc: ENGINEERING — APRIL, 1948 








IN RECENT YEARS great emphasis has been 
placed on ways and means to achieve a higher 
standing and appreciation for engineers. In 
establishing the Machine Design Division of 
the American Society of Mechanical Engi- 
neers, one of the objectives was the elevation 
of the standing of the design branch of me- 
chanical engineering. 

The standing of any profession or group is 
determined solely by the stature and abili- 
ties of the members thereof. Recognition is 
achieved only by noteworthy accomplishments, 
which in turn depend on the average of the 
abilities of the individuals that comprise the 
group. Unless outstanding men are attracted 
to a profession, that profession cannot grow in 
stature. 

Thus it is that the rise or fall of a political, 
social or professional body is determined not 
by to-day’s leaders but by the guidance given 
to the youths who in their later years assume 
leadership. Full of vigor, enthusiasm and am- 
bition, pliable youth readily gains impres- 
sions and develops convictions that later 
become the bases of far reaching decisions. 
Destinies are born when the seeds of convic- 
tion take root. 

Obviously, if the professional standing and 
recognition of the engineering design pro- 
fession is to be increased greatly, two things 
must be done. The best qualified graduating 
engineers must be attracted to the profession 
and the student engineers must be given a true 
picture of the work and career of a design 
engineer. Impressions must be planted. Con- 
victions must be born. It is the responsibility 
of the profession to see that both are done. 









NG i 


Promoting the Profession Among Students 


N E E RI 





N G 





Under the auspices of the Machine Design 
Division of the A.S.M.E., a plan to accom- 
plish these objectives has been put into effect 
The entire credit for this undertaking goes to 
B. P. Graves, director of engineering of Brown 
& Sharpe Manufacturing Company, who pro- 
posed the project and was appointed chair- 
man of the committee to put it into effect 
Ben Graves and his committee will select 
speakers from among outstanding design engi- 
neers to address engineering students on the 
work and career of a design engineer. Engi- 
neering schools will be advised of the availa- 
bility of these speakers to address student 
A.S.M.E. meetings and class room groups. It 
is hoped that by this means the false notion 
prevalent among students that designing is a 
drawing-board pencil-pushing job, will be 
broken down and outstanding students will be 
attracted to a design career. 

Many were aware of the desirability and 
need for a program to stimulate the interests 
of students in engineering design. But it was 
Mr. Graves who thought the problem through, 
planned the solution and proposed it. 
Naturally, he was appointed chairman of the 
committee to put the plan into effect. 

We urge every engineer to support this pro- 
gram in every way possible. Also, the schools 
and colleges should take advantage of this 
great opportunity to bring students closer to 
the realities of the problems and activities of 
design engineers in industry. 
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SUORSE ANWNOONCES 


WEW SCENT CHAIN 






ment of this new silent chain standardization 
program. 


reo will profit in many ways by the develop- 


A reduction in the number of parts carried in stock 
cuts down inventories, reduces storage space and 


simplifies ordering. 

With industrial distributors stocking these new Morse 
packaged silent chain drives, industry will be able to 
obtain complete silent chain drives off the shelf, ready 


Morse plans extensive 


STOCK ORMES. 


Users benefit by Morse standard- 
ization; early delivery available 


for immediate installation. 

This new standardization program is certain to result 
in a sharp increase in the use of silent chain drives 
in industry. 

Two large Morse plants, in Detroit and Ithaca, are 


meeting all schedules to make these new standardized 
silent chains and sprockets available. 


Major industrial distributors everywhere will handle 
the new standardized Morse Silent Chains and 
Sprockets as they now do other Morse products. 


stock drive program; 


Taperlock bushings standard 


nra has been completed at Morse for 1” and 
34” pitch chain sizes made to the new Silent Chain 
Standards. 


drive program covering both sprockets and chains. 


Also announced is a silent chain stock 


The company’s new stock drive program will include 
a series entirely different from the present line. All 
popular widths of chains will carry a single center 


guide link. 


Sales Manager outlines plans 
The General Sales Manager of Morse says that, 
henceforth, Morse cast-iron stock sizes of driven 
sprockets will have finished bores prepared for use 
with Taperlock bushings. Bushings will be available 
with finished bore diameters in increments of ;'< inch. 


It is also pointed out that Morse driving sprockets 
will be furnished with finished bore diameters in the 
N.E.M.A. standard shaft sizes, complete with keyway. 


Morse Chain’s six dual-duty sprocket face widths will 
operate with eleven stock chain widths. It is possible 


a = at en ere eon en 








to obtain as many as 40 ratios for each stock chain 
width. Such combinations are expected to cover 95 
of the ratios required by all users. 


Standardized stock silent chain will continue to be 
furnished with the exclusive feature —the Morse 
Rocker Joint. 


Write Morse Chain Company, Department 139, Detroit, 
Michigan, for Catalog C-71-48 giving complete in- 
formation on the new Morse Silent Chain and Sprocket 
standardization program. 
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MORSE 


MECHANICAL 


j POWER TRANSMISSION 
PRODUCTS J 
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Morse Roller Chain Drives Morse Chain Couplings, Morse Free Wheeling Morflex Couplings are torsionaily Morfiex Radial Couplings 
for positive power for economical, easy Clutch for positive flexible and compensate for are especially suited for 
transmission. installations. indexing. misalignment. heavy torque loads. 
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Austenal Laboratortes, Inc. 
Precision investment cast parts. Top row 18-8 stainless steeel molds. Middle row, 8620 steel gripper fingers, I-40 Vitallium turbine 
blades, high-carbon high-chrome stapling machine parts. Bottom row, 316 stainless steel webs, 6059 alloy gas turbine blades. 





Precision Investment Casting 


Characteristics of alloys used. Effect of machinability on design of precision invest- 
ment castings. Detailed design procedure for high and low machinability alloys. 





EDWIN LAIRD CADY* widest list of alloys suitable for the he can get and makes them do. Fail- 
product and let the casting contractor ing that, he takes the sizes and shapes 
or the casting department (the caster) he can get in the alloys he wants and 
make the choice. changes his product designs or pro- 
2. When the range of alloys which duction procedures accordingly. He 
will fit the end uses of the product is not accustomed to thinking in 
is narrow, work very closely with the terms of wide options as to alloys in 
caster to get a casting design which the sizes and shapes he would like 
is most economical to cast in those to have for his product. He specifies 
alloys. for precision investment casting the 

Between the extremes of (1), a same narrow range of alloys that he 
product which can be cast in almost would consider if he were buying 
any alloy, and (2), one which can wrought raw materials to fabricate. 
be made of only one alloy, there are But if he is to get the best from this 
many options. Failure to consider process he must change his design 
these options is perhaps the greatest habits in selecting alloys. 


THE FIRST POINT TO REMEMBER 
about precision investment casting is 
that, although made to precision tol- 
erances and metallurgical specifica- 
tions, they still are castings. They 
are made by pouring metal in the 
liquidus state (sometimes, but rarely, 
in the mushy range), letting that 
metal cool down through its mushy, 
solidus, plastic and solid-critical 
tages, and either permitting or 
forcing it to cool to room temperature. 
While going through the complexi- 
tes of these temperature ranges, al- 
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z _— il ao i be a obstacle to economy in precision in- To attempt a listing of alloys and 

dapes may pele ae ss vestment casting design. That failure what designs may be investment cast 

» From hie? pact ai aes oo t is largely psychological. from them is impractical. The op- 
a st up: ii pie rules ca e A great majority of metal products tions for casting production proce- 
r E E E are fabricated from wrought stock. dures are too wide. Too many meet- 
eal ag , na S Depending upon the sizes and shapes ing grounds exist between product 

ances are important, work out the he wants and the quantities in which requirements and production econo- 

wai he buys, the fabricator of wrought mics. There are no “alloys typical 
‘fer iat s serving on one of the design sub- stock is or is not able to get the alloys of this process” nor “casting contrac- 


: American Foundrymen’s A880- 
ation, 







he wants. Usually he takes the alloys tors typical of this field” in the sense 
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ELEMENT 
from Solid 










Separate pieces 


1 Cap 


N 


Bearing 


3 Oil hole 





4 Lug surfaces 










5 Cap screw holes 


6 for tap; tap 6 





Finish 
Machine 1 


7 Mating surfaces 


8 Bore and 


9 Shank Turn 9 in lathe, 


— 






0 Shank juncture 
cutter 


11 Exterior corners 
special operation 


that these might be listed for the die 
castings business. The question of 
what can be done and the answering 
query of how much it is worth to do 
it can lead the discussors to too many 
different conclusions. Precision in- 
vestment casting has added enor- 
mously to the procedural options 
which exist within the casting field. 
And the options in the foundry busi- 
ness always have been high in 
number. 

There is, then, no industry in which 
thorough discussions between designer 
and producer are more important. 
Nevertheless, a few guide posts to 


82 


Machined (A) 





Finish one surface for con- 
trol surface for boring 8 


Drill 5 for cap screw, 


pendently; assemble using 
9 as control surface; bore 


Shoulder as generated by 


Sharp or else broken by 


Manufacturing Operations Affecting Design 


Design alternates 


y 


Parting line- 
alternates 





for fillets 











Cast (B) 
in Machinable Alloy 





Separate pieces 


Cast 


taper and flare 


Same as (A) 





Cast 5 and 6, chase thread 
or 


in (A) 














inde- 


wall 


necessary 






vertical parting line 
or 


zontal parting line may be used. 











Cast with generous radius if 


cast with rib and machine away 


Cast sharp or broken 


eT 


the fitting of alloys to product de- 
signs, or the reverse, can be set up. 


POURING TEMPERATURES. Low pour- 
ing temperature alloys generally can 
be cast to the highest accuracies, intri- 
cacies, surface finishes and with the 
least need to make design changes 
to simplify casting. 

The dividing line between high 
and low pouring temperatures is about 
2,150 deg F. So far as pouring tem- 
peratures alone affect them, casting 
problems increase as pouring tempera- 
tures get above this figure. 

Low pouring temperature metals 





Design aternates 


MANUFACTURING OPERATIONS AFFECTING DESIGN 

















do not cast holes and drill and tap as 


Cast 8 with slight amount of straight 
at mating surfaces to allow for 
machining of mating surfaces. Bore if 


If parallel faces are required, cast with 


if taper of .001 in./in. is allowable, hori- 





machin- 
ability is fair, If machinability is good, 


Propucr ENGINEERING — APRIL, 1948 








Design alternatess. 

















Cast (C) 
in Low Machinable Alloy 


Single casting— 
Friction saw along 7-7 











Cast 
taper 








Leave as cast 





Cast hole and thread, with thread 
below 7-7 

or 
cast single hole with two dia, one 
for cap screw shank, one for 
thread root; tap. 

















Finish after friction cutting 







Same as (B) casting 
















Same as (B) casting 













Cast with minimum permissible 
fillet and grind 






















Cast mildly broken 












like bronzes, silver alloys and some 
of the aluminum alloys were the fits 
to be precision investment cast on an 
industrial basis. The results achieved 
with them were remarkable. These 
results were dramatized in technical 
literature, and product designers weft 
given a false Fest impression of the 
precision casting process, That im 
pression constantly bothers the high 
pouring temperature ferrous alloy 
casters. 

Some of the low pouring tempet 
ture alloys can be cast readily to limits 
of +0.002 in./in. For some of the 
highest pouring temperature alloys 

























limits of 0.005 in./in. can be held 
in production. Lower limits than 
these are possible but increase pro- 
duction costs. 


THERMAL Conpbuctivity. If the 
thermal conductivity of an alloy is 
too high there are casting difficulties 
because progressive disposition of 
cast metal is not easily obtained. Heat 
flowing from the molten portion of 
the metal tends to keep all areas of 
the casting within the mushy, if not 
within the molten range, until the 
total loss of heat is sufficient to per- 
mit the entire casting to cool. There 
are casting techniques, largely those 
of controlling the temperature of the 
investment, for dealing with this 
problem. 

Nevertheless, extremely high con- 
ductance alloys of aluminum or mag- 
nesium cannot be cast to high intrica- 
cies and accuracies as easily as some 
of the low melting point alloys which 
have somewhat lower conductances 
favoring progressive disposition. 

Very low conductance, if accom- 
panied by high specific heat, makes a 
“sluggish” alloy. The surface tends 
to solidify easily. Progressive dispo- 
sition from the surface inward see 
place. Deep in the interiors of thick 
sections the solidification may be 
incomplete while the exterior has 
fully solidified. At best the granu- 
lar structure will differ between the 
first and last areas to solidify, the 
last areas generally having larger 
grains. The worst is that the last 
areas to cool may have an insufficient 
supply of molten metal and porous 
or even dendritic areas may form. 
Because of this, parts cast in sluggish 
alloys must be designed to speed heat 
flow from thick sections as quickly 
as possible. Ribs and fillets properly 
located, are usually used. These are 
not so important for high-conductive 
alloys. 

Within the sectional thicknesses 
cast by this process, (0.50 in. is the 
common limit and 5.0 in. probably 
is the maximum excepting in highly 
unusual cases) high nana al- 
loys are far more independent of sec- 
ton thicknesses. The high conductance 
alloys are castable in any thickness 
from less than 0.010 in. to 5.0 inches. 
The sluggish alloys are usually not 
Cast to less than 0.040 in. or more than 
0.375 inch. 

High conductance alloys, especially 
if highly liquid and free flowing when 
molten, are somewhat independent of 
Bate positions on the castings. With 
pressure methods common to preci- 
son investment casting, or even with 
reasonably good static casting meth- 
ods, gates will fill out all sections and 
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continue feeding until solidification 
is complete. But sluggish alloys may 
need gates generous in size and no 
more than 1.250 in. from any area 
of the casting. The gate area must 
be removed by hand or even a pre- 
cision grinding operation, with conse- 
quent problems of costs and accuracies 
and surface appearances. Conse- 
quently gates must be chosen care- 
fully to satisfy both casting and ma- 
chining requirements. 

Some of the stainless steels and 
most of the high alloy steels are 
sluggish. The problems of sluggish- 
ness are common to heat treating and 
therefore, the sluggish alloys are 
known to every heat treating depart- 
ment. 

Beryllium copper is an alloy low 
in pouring temperature just about 
tight in thermal conductivity, and heat 
treatable to 175,000 psi. It also has 
high fatigue and wear resistance and 
is used widely as an alloy for precision 
investment casting. Brasses, bronzes, 
nearly all of the carbon steels, and 
the stainless steels lie within the 
medium conductivity range. 


THERMAL EXPANSION. Alloys high 
in thermal expansion not only tend 
to crush cores as they shrink, but also 
shrink away from the original con- 
tours of the investment cavities. The 
force needed for crushing the invest- 
ment material can distort the plastic 
metal. The extra space between the 
investment and the casting when the 
metal shrinks, gives room for warping 
if there is a tendency to warp. 

It is practical to strengthen the in- 
vestment material, or some parts of 
it such as cores, and resort to shrink 
restraint to control warpage, provided 
the metal is not hot short. But shrink 
restraint can add to cost. 

Thermal expansion is likely to be 
high for high conductance metals. 
When it is, these metals do not need 
fillets and ribs for heat conductors. 
But, if the design calls for close con- 
trol of warp, fillets and ribs can be 
used to advantage. 


Hor Prastic RANGE. As they cool, 
alloys go through varying ranges of 
plasticity, stiffness generally increas- 
ing with coolness. The thin sections 
cool first, and by accumulating 
strength deform or “shrink” the thick 
ones. But the thick sections later 
pick up cold strength and may in 
turn pull the thin ones out of shape, 
tear them or set up residual stresses. 
All of this is known to engineers 
familiar with casting, heat treating 
or welding processes. 

If the hot plastic range is long, or 
if the alloys are quite plastic when 


cold, then, if thin sections are joined 
to thick ones, the deformation may 
be severe but the residual stresses 
mild. But if the hot plastic range is 
short, the metal accumulates strength 
rapidly or even abruptly as it cools 
and, although the deformation may 
be less, the residual stresses are se- 
vere. Fortunately, in precision cast- 
ing, deformation and residual stresses 
can be controlled by controlling flask 
temperatures. Flasks can be cooled 
so slowly that undesirable warpages 
and strains do not occur. This some- 
times results in poor grain structure 
within the castings. And it adds to 
production costs. 

Many casters prefer to break cast- 
ings out of the flasks first and then 
make a separate operation of stress 
relieving if any is needed. This has 
advantages but cannot reduce warp- 
age. 

Fillets, ribs, shrouds and other 
heat distributing features can reduce 
warpage and residual stresses. It 
sometimes is practical to add “false” 
areas which will take the stresses and 
be deformed or fractured by them, 
these areas to be machined away from 
the castings. Gates sometimes can 
be designed to be false areas or even 
to act as ribs, provided there is no 
design feature which forbids their 
being positioned for this. 

Holes which have no useful or ad- 
verse effects upon product designs 
sometimes can Fe added to give the 
shrink forces something to do other 
than pulling the casting out of shape. 
They are a useful when the 
surface alloy tends to solidify first 
and create shrink forces in the interior 
metal. Used for this purpose, the 
holes are deformed and porosity is 
reduced. Holes also can be designed 
to weaken the areas of castings where 
deformation will do no damage and 
so prevent deformation of more 
critical areas. 


MusHy RANGE. A wide mushy range 
of an alloy may result in segregations 
of some of the metal constituents 
within the castings, especially if some 
of the metals or some combinations 
of them have materially different 
solidification temperatures than others. 
Also, segregation may be promoted 
by differences of specific gravities of 
elements, especially if centrifugal 
casting methods are used. This pro- 
duces a non-uniform casting. 
Segregation may take place at the 
entire skin or outer surface area, pro- 
ducing either a desirable or unde- 
sirable surface. The segregation may 
concentrate the most desirable ele- 
ments in the casting itself and deplete 
the sprue and runners of them thus 
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getting a casting which is better than 
the alloy melted. Or the opposite 
effect may occur, although this is 
largely within the control of the 
caster. 

As with nearly everything else re- 
garding precision investment casting, 
the aidan or evil of segregation 
depends upon the alloy, the end pur- 
pose of the casting, the design, and 
the skill of the caster. 


Hor Spots. A hot spot is an area 
from which heat cannot escape readily 
and to which, or through which. heat 
flows continuously while passing from 
one area of a casting to another. In 
short, a hot spot is an area which 
cannot cool and is not permitted to 
cool as rapidly as it should. Re-en- 
trant angles, interior angles and un- 
der-cuts are hot spots. A hot spot 
remains molten or mushy after the 
metal about it has solidified, and re- 
mains plastic after that metal has 
stiffened. Therefore, a hot spot area 
is likely to deform, have residual 
stresses or have poor metallurgical 


S//ver 
brazed-. 


(Machined and Brazed) 


1. As machined from bar stock. 


properties compared to the rest of 
the casting. 

Many of the hot spots found in 
designs offered to the casters for pro- 
duction serve no useful design pur- 
poses but are hangovers from designs 
intended to be machined. They may 
often be avoided by specifying gen- 
erous radii in place of the smaller 
radii carried over from machine de- 
sign practice. Larger radii are better 
conductors of heat and also strengthen 
the casting. 

Hot spots do the most harm in 
high pouring temperature alloys, hav- 
ing low heat conductivity and strong 
segregation tendencies. The length 
of the hot plastic range may or may 
not make a difference. But if hot 
spots must be tolerated, the casting 
alloy should be carefully selected. 


MACHINABILITY. One of the pur- 
poses of precision investment casting 
is to generate precision contours 
which are more costly or difficult to 
produce by other methods. It is rule 
number one of most casters never to 


Section A-A Section A-A 


( Cast ) 


(a) 1 and 2 are separate pieces, silver brazed. 


(b) Edge 3 is unmachined to provide a convenient surface for brazing. 


(c) 4hasa spherical radius requiring careful machining. 


(d) 5 is a milled channel. Dimension 7 is generous to stiffen piece against 


milling distortion. 


2. As cast 


(a) 1 and 2 are combined — no brazing. 


(b) Edge 3 is not needed; this reduces height of piece. 


(c) 4 is cast to spherical radius. 


(d) Channel 5 is cast. 


(e) Gradual curve 9 replaces milled surface 6 and counterbore 8. 


Result: Design is simpler and has greater structural continuity when cast. 


Fig. 1—Machined and brazed ball joint simplified by precision investment casting. 
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generate by casting any contour or 
dimension which could, with equal or 
lower cost, be generated by machining, 
A wise balance between casting, ma- 
chining and other operations is the 
essence of precision investment cast- 
ing economy. 

It often is cheaper to drill holes 
than to cast them. The exception is 
a hole which is merely a passage for 
liquids, gases or solid objects and 
needs no real accuracy of either di- 
mensions or contours. Threads usually 
can be cut more economically than 
they can be cast, and so can gear 
teeth. 

The machinability of the alloy 
makes a difference. Some of the 
alloys easiest to cast are easy to ma- 
chine; striking a balance between 
operations requires careful design. 

Shown in Table I are several de- 
signs for a plain split bearing. These 
sketches illustrate the importance of 
careful design when the part is to be 
precision cast. 

When alloys are easy to machine, 
full advantage may be taken of ribs, 
fillets, shrouds and other features 
which solve heat transfer and casting 
warpage problems, the intention being 
to machine these sections away after 
the casting is finished. Unnecessary 
as these features may appear to be 
in given cases, they do result in lower 
spoilage and rejection of castings. 
The rejection rate, governing the 
number of flasks which must be pre- 
pared and poured, is a major deter- 
minant of castings costs. 

Some of the alloys regularly pre- 
cision investment cast are almost im- 
possible to machine, and can be 
ground only with diamond wheels. 
Some of the high cobalt alloys are 
examples. The emphasis then is 
placed on spending more money on 
casting techniques to avoid machining. 
But there are many designs on which 
shrouds, ribs, brackets and fillets are 
easy to cut off with the diamond 
wheel, and for which they solve se- 
vere production problems. 

Threads may be cast in alloys of 
low machinabilities, then either chased 
or ground for final accuracy, but are 
not as good as outright cut threads 
on alloys of higher machinabilities. 

There is no precision investment 
cast alloy on which no secondary op- 
erations whatever can be performed. 
It always is feasible to strike balances 
between casting and secondary opera- 
tions. For any one design, the choice 
between machining and casting can 
only be made after the designer has 
had a chance to weigh all the pros 
and cons. Sometimes the nature 0 
the part and its function allow ao 
easy decision. Figs. 1 and 2 show 
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Requirements:- Curvature I fo be concentric with groove and bore within t 0.002 in. 
Faces 2 paralle/ to € within t 0.002 in. 
Manufacturing method - Machine or precision cast 





Fig. 2—Part formerly machined now made by precision investment casting with minor 
change in detail design. Grooves on both faces made casting cheaper than machining. 


two parts that lent themselves to pre- 
cision casting. Even here, machining 
might have been necessary if the part 
had been used in some other way, or 
allowable tolerances were closer. 


HEAT TREATMENT. Some castings 
which formerly were cast in unma- 
chinable alloys to get hardness and 
other physicals, now are cast in ma- 
chinable ones, machined, and heat 
treated. Casters have found that pre- 
cision investment castings after feat 
treatment have exactly the same phys- 
als as the same alloys in wrought 
forms after the heat treatments. By 
special alloying to promote heat treat- 
ability, the castings may show better 
heat treated properties with no im- 
portant sacrifices in machinability. 
This is one of the gains to be made 
by an open-minded study of alloys 
to be cast. 





SURFACES. Depending upon the 
alloy and the design of the casting, 
Precision investment castings may 
show surface flaws. Flaws include 
decarburization, pits, blisters, blem- 
hes and scabs. They occur more 
often and more severely in alloys of 
high pouring temperatures, sluggish 
thermal conductances coupled with 
high specific heats, heavy surface 
‘egregations, and long hot plastic 
manges. But since some are caused 
by allo characteristics and others by 
human errors in the casting shops, 
no alloys are immune from them. 
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Decarburized surfaces can be re- 
carburized. Scabs, blisters, blemishes 
and sometimes pits can be hand 
ground away. Ground areas will look 
different from shot blasted areas, un- 
less the casting is shot blasted a sec- 
ond time after cleaning it up. But 
this also is true of the inescapable 
gate area or areas. 

The problems of gate positions and 
areas are less with some alloys than 
others, but are greatly affected by cast- 
ing designs and sizes. No alloy can 
make the gate position completely 
independent of casting design. 

The gate may be removed by fric- 
tion sawing or abrasive cut off wheels. 
This leaves some metal to be hand 
ground, machine ground, lathe cut or 
otherwise removed depending upon 
the accuracy desired at the gate posi- 
tion and machinability of alloy. 


GENERAL Facrors. All problems of 
precision investment casting increase 
with thicknesses of sections, dimen- 
sions of uninterrupted flat areas, and 
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of 
thick to thin sections. 
general design limitations on size and 


from 
These are the 


abruptnesses transitions 


weight. There are no physical limi- 
tations on sizes that may be cast. The 
limitations are economic, and are, gen- 
erally but not absolutely, seven inches 
on any dimension and six pounds in 
weight. Some casters like to make 
precision investment castings larger 
than this, but most casters will not go 
beyond these limitations. 

Costs may be saved if a slight draft, 
usually 0.001 in./in., is allowed to 
get patterns out of molds. This 
rarely affects the accuracy of castings. 


CONCLUSION. To get the best re- 
sults from precision investment cast- 
ing requires, first, open-minded but 
careful consideration of alloys. This 
method can cast any alloys which can 
be melted and poured into molds, but 
cannot cast all with equal ease. Far 
more options as to casting procedures 
are offered by this than by any other 
casting method, but the options can 
raise costs, and not all castings prob- 
lems of alloys can .be solved by them. 


Second, a careful balance must be 
struck between contours and dimen- 
sional accuracies obtained by casting 
and those obtained by machining. 
Precision investment casting reduces 
machining problems, but machining 
also can reduce casting problems. 


Third, an equally careful balance 
must be found between casting plus 
machining, and other secondary op- 
erations such as heat treating and 
grinding. 

Fourth a common sense attitude 
must be taken about surfaces desired 
and methods of obtaining them. 

Design factors such as avoiding 
abrupt transitions from heavy to light 
sections, using shrouds and braces to 
control warpage, and ribs and fillets 
to control heat, all work on pram 
familiar to sand casting. The differ- 
ence is that in precision investment 
casting mold temperatures and mold 
permeability can be controlled hetter, 
resulting in higher strength walls and 
cores and more accurate cavities. This 
difference is only in degree. It never 
is absolute. 
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WHILE PERFECTING the initial model of his sounding electro-mag 
netic telegraph in 1828, Joseph Henry noted the drop in current 
pressure produced by the mile long wire in his circuit. He reasoned 
that a secondary power source should be supplied at the point of 
operation to avoid the line loss and attendant loss in work avail- 
ability. He decided to control the operation of a switch on this 
secondary power source and thereby controlled the final operation. 
He designed an electro-magnetic switch for this purpose and so 


was the first to use a “relay.” 
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FURNACE BRAZING formed these 


of different materials. 


intricate assemblies 
quickly and inexpensively by joining the many individual parts 
(A) Computor side plates fabricated 


Low carbon 
westee/ strip 


Stairdess stee/ 


Low carbon 
stee/ sheet 


from 18 separate parts; (B) rectifier lid made from 10 parts; 
(C) section of one-fourth of steam iron, 9 parts; (D) resistor 
case, 4 parts. Furnace brazing is good for mass production 


How Brazing Methods Affect 


Comparison of different techniques of torch, resistance, bath, 
furnace, and induction brazing. Method used affects selection of 
materials, design of details, and properties of brazed joints. 


S. DeDOMENICO and A. SQUIRE 


Materials Engineers, Westinghouse Electric Corporation 


FUNDAMENTALLY, brazing is the ox- 
ide-free bonding of similar or dis- 
similar metals by a filler alloy that has 
a lower melting point than that of 
the metals joined. Basic advantages 
of brazed joints include uniformly 
high strength under different load con- 
ditions, relatively low distortion and 
residual stress concentration, and the 
inherent possibility of high produc- 
tion rates. By properly designing 
parts for brazing into assemblies sim- 
plified and lower cost fabrication is 
possible. This is nearly always true 
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when the design is such that many 
parts can be placed in a furnace, for 
example, and brazed at the same time. 

In addition to these basic advan- 
tages, brazed joints have other useful 
characteristics. They are highly re- 
sistant to vibrating and impact loads. 
Joints maintain their strength at high 
temperature. Because of the deep pen- 
etration of the brazing alloy into the 
minute clearances, joints are pressure 
tight. Thermal and electrical conduc- 
tivity is high. Simultaneous harden- 
ing of steel, especially of air harden- 


ing types, can be obtained when joints 
are brazed in a furnace or salt bath 
If desirable, parts can be assembled. 
then brazed in an atmosphere thi 
prevents decarburization, and emerg 
completely finished, hardened, ant 
ready for tempering. Because 0 
the protective atmosphere, surfaces art 
clean and bright thus saving the usu?! 
cleaning and pickling expense. 
Characteristics of the brazing matt 
rial and the type of brazing method 
has an effect on the properties of tht 
joint. Two essential requirements 0 
a brazing metal or alloy are hig! 
fluidity and ability to wet or alloy wit! 
the metals to be joined when at the 
brazing temperature. For proper we 
ting, both the metals joined and the 
molten brazing material must be tref: 
of oxides when the brazing temper 
ture is reached. Oxides are prevente 
from forming throughout heating b! 
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Copper casting 


Copper 
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Stainless 
tube 


Copper bar 


= [a 
bushing 


(D) 


FIVE MORE BRAZING METHODS. (A) Five parts of flow 
switch joined by torch brazing. (B) Relatively massive parts 
of shielding base brazed by radiant gas burner. (C) Silver 


Design of 


(1) a reducing atmosphere, or (2) the 
addition of flux to the joint, or (3) 
the exclusion of oxygen during heat- 
ing by immersion in a molten bath. 
Silver brazing, for example, uses any 
of these methods. Copper brazing is 
commonly done in furnaces contain- 
ing controlled reducing atmospheres. 
But several recent applications use 
high temperature salt baths or induc- 
tion heating for brazing copper with 
a flux or a reducing atmosphere to 
prevent oxidation. 


Six Brazing Techniques 


The following six basic types of 
brazing are compared in Table I. 


Hand Torcu. Hand torch brazing 
is the best known method and is 
widely used because of low cost of 


equipment and its flexibility. The 
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Stee/ core 


Details 


work is cleaned, flux added, and as- 
sembled; if necessary the work is sup- 
ported in a fixture. An oxy-acetylene, 
oxy-hydrogen, air-acetylene, or air-gas 
torch is used with the flame adjusted 
for a reducing effect. The torch flame 
is moved constantly to prevent local 
overheating. Usually, insulating brick 
around the work speeds the heating. 
When the joint area is at the right 
temperature as judged by eye, brazing 
alloy is fed into the joint, melts and 
is drawn into the opening by capillary 
attraction until the joint is filled. Ex- 
cess alloy forms a fillet. 


AUTOMATIC ToRCH. Automatic torch 
brazing often uses an automatic con- 
veyor that moves the work (1) into the 
fixed flames from radiant gas burners 
for a predetermined interval of time, 
then (2) into the cooling position. For 
circular joints the fixture usually ro- 


tungsten contacts attached by resistance brazing. 
tube and core brazed in salt bath; tube is sectioned. (E) Induc- 
tion heating brazed on top without loosening a nearby joint. 


Previously brazed 
Joint V4 in. away 


Induction 
brazed joint 


(E) 


(D) Thrust 


tates the work while it is in the hot 
zone until it is brazed and then moves 
it out to cool. With the cycle set, this 
technique gives high production with 
unskilled operators. 


DIRECT AND CARBON RESISTANCE. 
These methods are similar types of 
brazing but differ in principle. In the 
direct resistance brazing the joint is 
heated by its own resistance to the 
passage of electric current. For ex- 
ample, the pieces to be brazed are 
mounted between the electrodes of a 
spot or butt welding machine. In 
carbon resistance brazing, current flow- 
ing through two carbon electrodes pro- 
duces heat in the carbon that is trans- 
ferred by thermal conduction to the 
parts to be brazed. 

In both methods the brazing alloy 
in foil form is placed between the two 
pieces to be joined; heat and pressure 
is applied until the brazing alloy flows 
and forms a fillet. The current is in- 
terrupted but pressure is maintained 
until the brazing metal has solidified. 
A distinct advantage of the resist- 
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Table I—Comparison of Basic Methods of Brazing 


TORCH. Heat applied by hand torch burning 
oxygen or air with acetylene, hydrogen, or 
methane. 


Torch flame, Hole for positioning assembly 
ee a j 
if ( 

Assemblies in 


position on table , 
ready for brazing 


Turntable 


RADIANT GAS BURNER. 
Concentrated heat, produced by 
burning gas-air mixture under 
pressure in ceramic burners, and 
applied to work on automatic 
indexing tables or conveyors. 


Gas burners, 


F 
| 


Flanged assembly 
to be brazed 
Turntable 


RESISTANCE, Assembly heated between elec- 
trodes by (1) its own resistance to passage of 
current or (2) by conduction of heat generated 
in carbon electrodes. 


Molybdenum or 
copper alloy ele trodes 


Carbon electrodes 
produces brazing heat 


Copper holder F 
ii Z rE — 


Resistance of Sheet silver ----~ 
Joint produces | solder and flux 
heat 


* Silver tungsten contact 


SALT BATH. Assembly heated 


by immersion in molten salt 
bath; bath can be neutral or have 
fluxing action. 


Molten salt! = ; 
Brazing alloy 


Heat resistant Tube’ 
assembly 


wire hanger 


FURNACE. Heated by furnace in presence of 
reducing atmosphere. Furnace can be heated by 
resistance elements, radiant tubes, globars or 
by gas if it is used. 


Front door. Hot -Atmosphere inlet Rear 


Pusher furnace ~ 


Sop ower ctombes 
hading platform, la P a ae 


yi | Flame curtain 


Flame curtain 
Hearth plate” ` Heating elements 


INDUCTION. Heat produced 
in the work by resistance to eddy 
currents induced in work by 
high frequency currents, 


fer nal 


Brazing alloy 


rings 


ADVANTAGES: Low cost of equipment; heating can be localized; applicable 
for many types of assemblies. 


LIMITATIONS: Requires skilled operators; relatively slow; can not be used 
for copper brazing; temperature control is difficult. Assemblies with multiple 
or inaccessible joints can not be brazed; work will oxidize; localized heating 
may cause distortion. 


APPLICATIONS: Silver and phos-copper brazing assemblies requiring extensive 
fixturing, or where self jigging is impractical. 


ADVANTAGES: Localized, rapid heating ; controlled heat makes automatic setups 
practicable for high production; unskilled operators can be used. 


LIMITATIONS: Equipment more costly than torch brazing. Copper brazing not 
possible; work oxidizes; some distortion possible. Multiple or inaccessible 
joints may be impractical to braze because of excessive oxidation. Exact tem- 
perature control difficult. 


APPLICATIONS: Silver and phos-copper brazing, especially for mass production; 
particularly when assembly has massive parts that need not be heated. 


ADVANTAGES: Rapid localized heating. Moderate production rate. Extremely 
effective for making such things as long seam brazes. 


LIMITATIONS: Temperature control difficult; individual handling necessary; 
copper brazing not possible, distortion possible; assemblies limited in size. 


APPLICATIONS: Silver and phos-copper brazing of small parts, such as silver 
contacts to copper holders. Used where combination of heat and pressure are 
desirable to insure good brazes. 


ADVANTAGES: Rapid heating, which can be localized in some applications. 
Temperature can be controlled. Flux not required for some applications. Copper 
brazing is possible with high temperature salt baths, 


LIMITATIONS: Undesirable carryover of salt; necessity for thorough washing 
to remove salt; usually some oxidation during cooling; danger of explosions 
from wet work; fixtures required. 


ADVANTAGES: Aluminum brazing, silver and phos-copper brazing; and coppet 
brazing to a limited extent. For assemblies that require rapid heating and lend 
themselves to suspension in fixtures. 


ADVANTAGES: Good for mass production, Accurate control of temperature;, 
uniform heating reduces distortion; no residual stresses. Copper, silver, of 


phos-copper brazing possible; bright surfaces; control of carburization orf 
decarburization. 


LIMITATIONS: Localized heating not possible. Requires design of self position- 
ing of components or suitable fixturing. 


APPLICATIONS: Mass production brazing in which design of joints permit self 
positioning or fixturing without excessive added weight. Widely used for 
copper brazing; often economical for silver brazing in mass production, multi- 
ple, or inaccessible joints. 


ADVANTAGES: Mass production. Localized, rapid heating. 


LIMITATIONS: Copper brazing not feasible; possibility of distortion because of 
localized heating; some oxidation; temperature sometimes difficult to control 
accurately. 


APPLICATIONS: Mass production silver brazing where parts lend themselves to 
assembly line treatment. Applications where joint is not too deep or com- 


induchon Poments are not too heavy. 


lube assembly- coils 
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SALT BATH. 


ance brazing methods is that flux is 
squeezed out of the joint and intimate 
contact is maintained between the two 


parts being bonded. Limitations in- 


clude the fact that the assemblies must 
he mounted between the clectrodes of 
a welding machine, and that the elec- 
trodes require frequent cleaning. 


Molten salt baths, used 
for brazing parts are usually neutral, 
although fluxing agents can be in- 
cluded to dissolve oxides. If neces- 


sary to prevent oxidation the parts are 


fluxed and the silver alloy is placed 
at or in the joints. When the flux is 
dry, (to avoid the danger of an ex- 
plosion) the assembly in a suitable 
jig or hanger is immersed in the molten 
salt. Since the temperature of the salt 
bath is kept higher than the top of 
the melting range of the brazing mate- 
tial good brazing is assured. Advan- 
tages include control of temperature, 
and avoidance of carburization, decar- 
burization, or oxidation when steel is 
being brazed. Main disadvantages are 
the inconvenience of using molten salt 
and the possibility of the metal being 
etched by contaminated salt. 


ATMOSPHERE FuRNACE. Furnace braz- 
ing is extremely versatile and widely 
used for copper and silver brazing of 
all kinds of parts. The method uses 
a gastight furnace with a gastight cool- 
ing chamber and doors for separating 
different areas in the pusher type fur- 
nace, for example. A conveyor fur- 
nace has purging chambers at the front 
and rear with doors adjusted just 
high enough for movement of the as- 
sembly. 

A reducing atmosphere such as hy- 
drogen or dissociates ammonia in the 
furnace and cooling chamber is main- 
tained above atmospheric pressure in- 
side the furnace and keeps out air or 
water vapor. Formation of oxides is 
inhibited, and if any oxides reach the 
hot zone they are reduced. Thus the 
molten brazing metal flows smoothly 
and wets uniformly. In copper braz- 
ing, no flux is used unless the steels 
being joined are high in alloys such 
as chromium, aluminum, or man- 
ganese. In silver brazing, flux is gen- 
erally applied unless (1) the assembly 
consists of materials whose oxides are 
easily reduced in the furnace atmos- 
phere (such as copper, silver, or 
nickel) and (2) the brazing alloy con- 
tains no zinc or cadmium. 
ĪNDUCTION. In this method, heat 
iS generated within the parts to be 

razed. The parts are placed near 
coils carrying high frequency current 
which induce eddy currents in the 
metal parts to be brazed. Resistance 
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of the metal to the flow of eddy cur- 
rents produces the heat for brazing. 
Since the heat is generated in the sur- 
face skin, the heating and flow of the 
filler metal is rapid and little change 
occurs in the parent metal. 

For the right shape and size of 
parts, indexing tables or conveyor 
belts can be used for rapid joining. 
Such applications Sanana use silver 
brazing. Copper brazing can be used 
if the longer time and higher tempera- 
tures occur in a reducing atmosphere 
that prevents oxidation. 


Effect of Materials 


The selection of the most economical 
design is concerned not only with the 
method of brazing but also with the 
kind of materials such as aluminum, 
copper, low carbon, or high alloy 
steels. This influences the brazing ma- 
terial and preliminary treatment. For 
example, since the brazing alloy must 
have a lower melting point than the 
metals to be bonded, the softening or 
hardening of the parts may have a 
direct effect upon their performance 
in service. Flux is required for all 
methods except furnace brazing. The 
possible attack of the metal by the 
flux or attendant difficulties in remov- 
ing flux from recesses, may make fur- 
nace brazing desirable. 


Low CARBON STEEL. Low carbon 
steel can be brazed by any of the six 
methods. It is best and most con- 
veniently joined by furnace brazing 
using copper, but torch or induction 
brazing with silver alloys is widely 
used. Copper brazing in controlled 
atmosphere furnaces produces strong, 
clean joints; and the part requires no 
cleaning or other treatment before plat- 
ing or direct use in an assembly. Since 
the brazed parts are heated to 1,100 C 
they are fully annealed and grain 
structure may be coarsened, which in 
turn weakens the assembly. But with 
copper brazing, the assembly can 
be subsequently heat-treated without 
danger of impairing the joint. This 
is particularly significant in higher 
carbon steels where subsequent heat 
treatment may be desirable. 

Silver brazing of low carbon steels 
by induction heating requires the use 
of flux, but the heated zone is a mini- 
mum. Metal immediately adjacent to 
the joint is softened considerably, but 
later heat-treatments cannot be used 
except with higher melting brazing 
alloys. 


MEDIUM AND HIGH CARBON STEELS. 
These will decarburize during furnace 
brazing unless (1) an atmosphere 
with sufficiently high carbon potential 


(such as Endogas) is used, or (2) 
the material is protected by copper 
plating. Higher carbon steels usually 
are used for designs requiring higher 
strength so copper brazing is desirable. 
Pieces so brazed can be heat-treated 
inh any normal manner. 

Assemblies to be subsequently hard- 
ened also can be brazed in a salt 
bath, using a silver alloy of slightly 
higher melting point than the upper 
critical temperature. After the braz- 
ing metal solidifies, the assembly is 
immediately quenched. 

Phosphorus-bearing brazing alloys 
such as Phos-copper or Sil-fos should 
not be used with ferrous metals since 
(1) they form poor joints and (2) 
the phosphorus will form brittle com- 
pounds with the iron. 


HIGH ALLOYS STEELS OR CHROMIUM- 
NICKLE ALLOoys. These materials can 
be copper or silver brazed in standard- 
type meee if flux dissolves the ox- 
ides formed. Such an assembly is usu- 
ally discolored and requires as much 
cleaning and — as those made 
by torch or induction heating. A gas- 
tight muffle furnace precludes the oc- 
currence of oxidation of the work if 
dry atmospheres are used; also such a 
furnace can simultaneously braze and 
harden dies made of tool steel. 


Cast IRON. Cast iron is best brazed 
in furnaces; but it can be done by 
induction or torch heating. High sili- 
con and carbon in the cast iron makes 
good wetting more difficult. A pre- 
liminary treatment of the iron by oxi- 
dation and subsequent reduction of 
the surface, or a Kolene bath treat- 
ment, usually assures good bonding. 
Flux assists in the reduction of the ox- 
ides both when copper and silver al- 
loys are used. 


COPPER AND Its ALLoys. These can 
be brazed by any of the six methods, 
using either phosphorous-copper or 
silver alloys. The method usually de- 
pends on the number and size of the 
pieces to be assembled and the mass 
of metal involved. Torch brazing is 
slow but is the most economical for 
few assemblies. Also salt bath braz- 
ing is adaptable to assembling in small 
quantities but it is inconvenient and 
suitable only in specific instances. 
Radiant burner and induction heating 
methods permit the observation of the 
formation of the fillet and correction 
of misaligned pieces, which is not pos- 
sible in furnace brazing. They require 
a minimum of equipment, providing 
high frequency generators are avail- 
able. Resistance brazing involves the 
use of relatively se equipment 
and is applicable only where the pieces 
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Sheet 
brazing 
material 


Gravity positioning by pin 


Brazing material 
inside groove 
t 


fS 


Copper 


Positioning by shoulder 


Si/ver tungsten contacts 
plated with brazing alloy 
ot 


Graphite 


Positioning by fixture 


Gravity positioning by cavity 


Copper plate punchings for 
furnace brazing into ma 
rt 
chine pa i 
Fixture 
plate 


fixture 


Positioning by pins in plate 


Fig. 1—Attention to design details of parts to be brazed often can simplify fabrica- 


tion. 


can be held between the electrodes. 

Furnace brazing produces uniformly 
good joints in assemblies consisting of 
copper and its alloys. Copper and 
bronze can be furnace brazed in at- 
mosphere without flux by using braz- 
ing alloys free of zinc or cadmium. 
Brass can be brazed in this manner if 
it is copper plated before brazing. 
Copper and high copper alloys can be 
successfully brazed with Phos-Copper 
or Sil-fos by any of the six brazing 
methods. 


ALUMINUM BRONZES. These require 
the use of very active flux to remove 
oxides. They can be brazed without 
flux in atmosphere furnaces, if they 
are first copper plated. 


NICKEL AND MONEL. These can 
be joined by any of the methods, 
but the low temperature silver solders 
are recommended to prevent inter- 
granular attack. 


For proper brazing results, cleanli- 
ness and proper pa of the 
individual parts of an assembly are 
essential. Removal of oxides, dirt, 
grease and oil is necessary for com- 
p. cohesion and penetration of the 
razing material throughout the joint. 
When flux protects against oxidation 
during heating, it must effectively 
prevent the oxidizing elements in the 
air from reaching the surfaces of the 
joint. But when a reducing atmos- 
phere furnishes protection, little addi- 
tional protection of the joint area is 
required; the main work of the atmos- 
phere is in reducing oxides present. 

Removal of oxides and tarnish be- 
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During bonding, precise positioning of each of the parts always is essential. 


fore brazing can be done mechanically 
by filing, grinding, tumbling, or shot 
blasting. Sandblasting or wire brush- 
ing are not recommended. With 
sand blasting, any particles of sand 
retained by the surface interfere with 
the flow of brazing material. Wire 
brushing sometimes smears metal 
over the oxide rather than removing 
it. Pickling is used when there is no 
clean machined surface. 

Grease and oil is removed best by 
degreasing. Its removal is important 
because Teha the rapid heating of 
the joint area the grease or oil usually 
is not burned entirely away. It leaves 
a carbonaceous residue that may inter- 
fere seriously with the flow of the 
brazing alloy. 

Correct alignment and relationship 
between the individual parts of an 
assembly during bonding is necessary. 


~ 8razing 
4 material” 


‘Press tit 


Brazing 


material 


Brazing 


material. 


Straight 
í knurl 


Starke f 


fins spot welded 
to cylinder 


Brazing material 
added as paste 


Fig. 2—Five commonly used designs for 
brazing pin or tube and hole type units. 


Self aligning fits maintained by grav. 
ity include protuberances or grooves 
in one or all of the parts or by 
utilizing loose pins as shown in Fig 
1. Generally, fixture material must 
be heat resistant and resist wetting 
by the brazing alloys. For dimen- 
sional accuracy, the fixture material 
may have to match the rate of expan- 
sion and contraction of the assembly. 
Many materials are available such as 
carbon or the stainless steels and 
various rates of expansion and con: 
tracting can be selected from the alloys 
of chromium. If a particular thick 
ness of brazing alloy is desired in 4 
gravity assembly, shims can be used. 
The shims should be of a material 
that is readily wet by the brazing 
alloy but that will not be dissolved. 
In applying brazing materials, the 
alloy in sheet form can be preplaced 


RT RN 


Table II—Composition of Commonly Used Brazing Alloys 


Composition, percent 


Designation 


Cu Ae Zn 


99 4 

50 

15 
Phos Copper...... 93 
Eutectic 28 
ETX. 34 
Sil-Fos.... 80 


Temperature 


Cd P 


Ç 


Melting Range 


1,083 
778-850 
627-734 
704-800 
778 
695-775 
643-704 
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inside the joint or in wire form it 
can be placed at the outer edge of the 
joint. With torch brazing the alloy 
can be fed into the joint after the 
work reaches brazing temperature. 
Sometimes the filler material can be 
buried in cavities within the joint; 
when the assembly reaches brazing 
temperature the molten alloy is drawn 
from the reservoir into the joint by 
capillary attraction. When a cavity 
is designed for this method, vent 
holes should allow entrapped air to 
escape, especially for furnace brazing. 

A common method of joining uses 
a hole with a pin or tube as shown in 
Fig. 2. Usually, simply making the 
parts a slight press fit maintains their 
position. Sometimes a straight knurl 
on the male piece simplifies design 
and avoids higher costs inherent in 
other methods. Other means include 
peening of the hole or pin and stak- 
ing, swaging, or hot or cold riveting 
of the pin. 

In addition for positioning of tube 
or bushing assemblies, they can be 
spun, crimped or expanded into place. 
Often it is simpler to design the male 
member of this type assembly with a 
shoulder to provide positioning. De- 
sign requirements to prevent stoppage 
of the molten filler metal are amini- 
mum fillet at the base of the shoulder 
and no countersink on the hole. 

Oftentimes tack welding can be 
used; or if the material is thin 
enough, spot welding. Older meth- 
ods of joining such as screwing, pin- 
ning or riveting are used occasionally. 

Often in brazing of sheet metal 
assemblies, lap or interlocking joints 
are used, and the joint provides 
proper positioning. If not, try spot 
welding, peening or screwing. 

_ For best results, wetting and bond- 
ing characteristics of the surface 
should be considered. A smooth 
highly polished surface is not con- 
ducive to creeping of the molten braz- 






Fig. 3 
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ing material. This is because the sur- 
face attraction of the metal fails to 
overcome the surface tension of the 
liquid copper or silver alloy. But a 
clean po slightly roughened surface, 
such as obtained by shot blasting, 
pickling, or machining causes rapid 
and uniform flow of the brazing alloy 
over the surface of the steel. Thus 
judicious design can control the creep 
of the joining material. 

Other means for preventing undue 
flow of the material include: (1) 
Use of grooves or ledges at appro- 
priate points; (2) imbedding brazing 
alloy in concealed grooves in the 
joint; (3) decrease of the hydrogen 
content of the atmosphere; (4) use 
of the minimum amount of brazing 
material compatible with the good 
quality; or (5) use of painted on 
barriers of refractory powders in paste 
form such as chromium oxide, mag- 
nesium oxide or aluminum oxide. By 
proper application of the localized 
heating, in torch, dip or resistance, 
excess flow from the joint is less 
troublesome than when using one of 
the other methods. 

Forged surfaces are highly con- 
ducive to superfluous creep. When 
they are parts of assemblies, it is 
often better to let the brazing alloy 
flow freely and remove the excess by 
grinding, scraping, chemicals, or 
electrolytic stripping. For copper al- 
loys, sodium cyanide or chromic acid 
solutions are effective stripping agents. 

The type of alloy that is used as a 
filler metal, as well as its form and 
placement in the assembly, is im- 
portant. The choice of alloy depends 
on such factors as its melting point 
compared to that of the assembly 
components and the absence of any 
materials in the alloy that might harm 
parts of the assembly. The analysis and 
melting range for some brazing mate- 
rials are shown in Table II. 

Factors influencing the selection of 


0.0025 0.005 


the alloy, its form, and whether it 
is preplaced or fec into the joint are 
determined by whether for example: 
(1) The = is to be torch brazed 
where feeding is possible or furnace 
brazed where it is not; (2) counter- 
bores, concealed grooves, or cavities 
are permissible in the assembly thus 
enabling use of wire, sheet or slugs of 
brazing material; (3) the flow of the 
alloy into the joint will be aided by 
gravity or whether only capillary at- 
traction is used. In the designs that 
make it difficult to apply the alloy 
where wanted, pastes of powdered 
brazing metal, or plating with the 
brazing metal, or even spraying of 
the metal can be used. 


Properties of Brazed Joints 


For low carbon low alloy steel 
where the parts to be brazed are suffi- 
cient in mass to prevent changes in 
clearance during the brazing cycle, 
the shear strength of the joint de- 
creases as the clearance increases. Av- 
erage values for common fits are 
shown in Fig. 3(A). Recommended 
fits for copper brazed joints should be 
no greater than 0.001 in. clearance to 
0.002 in interference. But with hard- 
ened and tempered higher strength 
steels, values are much higher, aver- 
aging 55,000 psi in shear when 
clearance is within the limits specified. 

Because of the lower fluidity of 
silver alloys at the brazing tempera- 
ture, interference fits are not recom- 
mended. But even with the prescribed 
clearance of from 0.001 to 0.003, the 
shear strength values of silver brazed 
joints are quite high being between 
24,000 and 40,000 psi. As shown in 
Fig. 3(B), strength increases with de- 
creasing clearance. 

Generally, as shown in Fig. 3(C), 
the average tensile strength of a brazed 
joint is approximately twice the shear 
strength. 











Q0175 0020 





Q0075 0010 0125 0.0150 


Clearance, In. 





Strength comparisons. (A) Relationship of shear strength to clearance for copper brazed joints. (B) Relationship of shear 
strength to clearance for silver brazed AISI E4337 steel. (C) Relationship of tensile strength to clearance for butt joints in stain- 
less steel of 160,000 psi tensile strength. 
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Automatic Dry 


Cleaning Machine 


Operation of this dry cleaning machine, designed by 
George E. Wells, Inc., St. Louis, is fully automatic. 
Only the timer for the 5 to 15 min. “wash” phase has 
manual adjustment. Five min. “extract” phase and 
6 min. “dry” phase are fixed. Frame is 16 ga welded 
steel consisting of 3 in. square hollow corner posts 
and 3 in, by 6 in. hollow horizontal beams. Hinges, 
bearings and valves are made of copper to resist wear 
caused by the corrosive action of synthetic solvents. 
A safety latch mechanism locks door while basket is 
in operation. Latch releases at a set time interval 
after power is turned off or the cycle ends. Cabinet 
has six hinged and five buttoned panels for accessibil- 
ity before and after unit assembly. Flexible synthetic 
hose purchased complete with fittings comprises the 
plumbing. Exterior finish is baked-on enamel. 

9? 


WASHING BASKET is a monel metal cylinder 40 inches in 
diameter and 14 inches deep. It is made of a front and reat 
stamping and perforated wrapper. Shaft is bolted to basket: 
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/ ~-=- Flapper 
Monel tube --~~ / HH assembly 


Be//ows assembly, Mone! pin--* 
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BUTTERFLY VALVE in 4 in. dia washer drain operates automatically. Itis THREE SPRINGS, located at the 
actuated by a linkage connected to a 2 in. dia corrugated bellows that is sub- centroid of the mass, suspend the 


jected to output pressure of the solvent pump. When pump operates, bellows pedestal that carries the drive motors, 
compresses and valve closes causing solvent to rise in tank to level of overflow blowers, washer tank and basket at 
drain. When pump stops bellows releases and valve opens, thus draining tank. an angle of 15 deg with the frame. 


OPERATING CYCLE Washer tank-.~. 


(1) Fill basket with 40 Ib clothes. 


` 


a ` 
(2) Set “wash” timer for from 5 to 15 min. as Spray Pee ` Washer basket 
desired. 


(3) Start “wash” cycle by operating pushbut- 
ton control. 
Low speed gearhead % hp motor turns 
basket at 36 rpm through overrunning 
clutch and chain drive. Turbine pump, 
driven by a % hp motor, supplies solvent 
to washer tank at 18 gpm. 





\utomatic “extract” phase — 3 min. 

Pump and low speed motor stop. High 

speed 1% hp motor turns basket at 600 

rpm through overrunning clutch and belt 

drive. Butterfly valve dumps solvent into Pressure line 

reservoir. to dump valve 
' Durnp valve 
I 

Automatic ‘“‘dry” phase — 6 min. t 

High speed motor de-energized. Disk 

brake on high speed motor slows basket za É N 

to 36 rpm and low speed motor continues Operating bellows “Butterfly. 

to turn basket. Centrifugal pump, driven 

by a 4 hp motor, delivers 325 cfm of air Flexible boot- 

to aerate dampened clothing. 


Overflow 





End Cycle 
Basket drive motor and blower motor 
top. Red light flashes on panel. 


OPERATING CYCLE and flow of solvent are shown. which is either carbon tetrachloride or perchlorethylene. 
Interior of storage tank, filter, washer and crystal tank have Reservoir tank is baffled and screened to mechanically filtrate 
a zinc spray coating to resist corrosion from the solvent, water and solids from the solvent before it enters the pump. 
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Dry Cleaner (continued) 


r Firestone 
Airc raft Co 
spring Asks 


£ 


F lanae 


TWO RUBBER DISK SNUBBERS at the bottom are used BOTTOM SNUBBERS consist of a series of rubber spring 
to limit the vertical amplitude of the motion of the sus- disks that are compressed by the suspended unit through an 
pended washer unit assembly. Three leaf spring snubbers arm assembly. Disks are mounted on the piston shaft by a 
are provided at the bottom, sides and back of the mass. nut and plate assembly. Arm assembly is welded. 


c amp 


E 
ssemb! 
ZNI assembly 


N 
fj 


LLLELLL 


a 


Top View of Cover 


Bras S$ rut 
Retainer 


Ya, 


Neoprene gasket 


UH (oe 


Section A-A 


Revolved 


FILTER CROSS-SECTION shows the filter bag and circular wire screen FILTER TANK is trunnion mounted t0 
separators. Bag is duck material that is coated with filter powder. It permit it to be tilted to a horizontal pos! 
is 40 ft long and has an approximate area of 141 sq ft. Cover of the unit tion for draining and cleaning the filte! 
has a quick release clamp, and is made in two halves to facilitate removal bag. One of the springs supporting the 
of filter unit. Solvent is forced up through the filter. A lever control, which washer tank aniio is shown at the 
drops 1 qt of filter powder in the storage tank near the pump, is provided. right of the tank. 
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Remote Control 
Hydraulic System 
For Crane Bridge 


Brake Operation 


By adding a remote control bleeder unit 
to a crane bridge hydraulic brake system, 
the operator in the cab is able to remove 


air from the system at will. Other ad- 


pring vantages of this remote control bleeder 
an f unit are the ability to install hydraulic 
DV a 


brakes above their control cylinder and 
the prevention of air from entering fluid 
lines where temperatures change. Bleeder 
unit is mounted close to brake and at 
highest point in the system. System com- 
ponents are manufactured by the Wagner 
Electric Corp., St. Louis, Mo. 


Fluid line from 
rernote contro/ 
bleeder connects 
here 






} 


Foot pedal 





Internal lever 
Anchor point 


Piston link 


cylinder. 





ed to ne 
posi- additional fluid from the reserve supply though piston intake port holes past 


filter 


t the 
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Piston 


CONTROL CYLINDER in crane cab is pedal operated. Check valve retains 
Pressure of from 8 to 12 psi in line and prevents fluid from draining back into 
When foot pedal is quickly released, the fast return of the piston 
Cup by the return spring, and the slower return of the fluid from the actuating 
cylinder, causes a vacuum in the control cylinder barrel. This vacuum pulls 


lip of piston cup and supercharges the system. As return spring forces foot 

g the g" back to release position, piston return spring pushes piston back until 
1P Of cup passes the by-pass port holes through which surplus fluid escapes to 

normalize system pressure. 65 psi pressure is required to operate brake. 


G N S 


Remote contro/ 


bleeder ——_____» (> Brake 
fa actuating 
= cylinder 


Fluid 


chamber 


Cylinder 
body —— 





Pushbutton 
ned ly pelt 
\ crane bridge 
\ brake 
p, 
Cia / iston and 
guide rod 
cab 
\ assembly — 








{ 
| Sleeve and 
| tink assembly 


Actuating Cylinder 
Cross Section 


Contro/ cylinder 


HYDRAULIC CIRCUIT shows the control cylinder and bleeder push- 
button control in the crane cab. Actuating cylinder is a telescoping type 
that is mounted on one of the brake shoes. Type H brakes have shoes 
that are made in sizes of 10 by 4 in., 14 by 6 in. and 18 by 8 inches. 








To push button 
station in 
crane çab 


Reserve fluid Solenoid 
supply 

By-pass 

port hole 

(one of three) 


Piston 
return 
spring 


Push 
rod 


Fiuid 
LIAS = supply _»« 
tank 
IT") 
Check 
valve 


Intake port holes Fluid check valve 


` 
To control 


From actuating cylinder 


ihr mee J 


REMOTE CONTROL BLEEDER re- 
moves air from lines by operating push- 
button in cab and pumping pedal. 
Fluid flows from control cylinder 
through actuating cylinder and tank 
back to control cylinder. Air is forced 
into supply tank and escapes through 
two holes in bleeder filler cap. 
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Transfer 
Machıne for 
Automotive 


Axle Housings 


The “Transfer-matic” built by the 
Cross Company, Detroit, Mich. fin- 
ishes both ends of automotive rear 
axle housings at the rate of 152 
axles per hour with one operator. 
Emphasis is on high operating effi- 
ciency by minimizing down time 
Hy- 
draulic valves are flange mounted 
to permit removal without disturb- 
ing the piping. Master control 
panel has indicator lights telling re- 
pairmen where to look for trouble. 
Separate control panels are provided 
for the five individual machines and 
a sixth for the transfer device. 


and simplifying maintenance. 


View is from the 


Locator in 


Boring bar “ape Rag 
semi-finished 


Rotating 
cutfer, 


ZZZ 
ae E 


NS 


LULA VUA 
I 
Daata 
AT 


Head moves 
axially in 
direction 
of arrow 


% 
Clamp on $ 
unfinished 
sur face 


Centering 
/ocator 


Second Station 
Finish turn outside of 
tube and trim flange 


First Station 
Rough bore 


MACHINING STATION LAYOUT indicates operations 
performed by the machine. All five machines be these 
operations are independent of each other except for elec- 
tronic controls. Each has its own motors, hydraulic sys- 
tem and method of locating the work. All machines have 
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rBoring bar 


Third Station 
Finish bore 


TRANSFER MACHINE has twenty axles in process simultaneously. Ten are 
in the individual machines, eight in idle positions and two in the loading posi- 
tion. A conveyor is provided to remove axles at the unload end of the machine. 


rear of the machine. Two housings are at unload position. 


Locator in 
' finished 
bore 


Rotating 


Fin finished cutter, 


Clamp on 


finished 
surface 


Centering 
loca tor 


Fifth Station 
Finish face outsiae 


of flange 


Fourth Station 
Rough face both 
sides of flange 


a centralized coolant system and have openings beneath 
each cutting point. Chips fall into a trench where they 
are carried by a conveyor to the end of the trench. ‘There 
they are drained and conveyed to a disposal car. Ten 
thousand gallons of coolant are circulated per hour. 
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A l y : 
LOADING STATION VIEW shows axle in position for first operation. A 
pair of axles is lifted vertically and transferred horizontally from station to 
station. Idle station between operations is provided for inspection and service 
operations. Hydraulic cylinder at lower right lifts axles through rack and pinion 
drives. Another hydraulic cylinder is provided for horizontal transfer. 





„+ Hydraulic 
piston 


Hardened 
insert 


Ax/e end clamps operated by 
hydraulic cylinders 
Bridge above work 


Hardened EL 
wear strips Za 
. 


Hydraulically lowered centering 
rams position axle for Ist and 
3rd operations 





LOCATING is also done hydraulically. 
Details show how axles are centered by 
locators actuated by a vertical hydraulic 
cylinder mounted in upper cross rail 
supports. 





SECOND STATION CLOSE-UP shows axle in position for out- FOURTH STATION CLOSE-UP shows axle in 
side diameter turning operation. Axle is supported by hydraulically position for straddle facing operation. Cross slide 
operated locators in each end. Head rotates and moves into its hous- carrying the tools in the rotating head is traversed 
ing to finish the shoulder and outside diameter of the flange. Cutter by hydraulic cylinders built into the head. Axle 
feds crosswise into work before turning operation begins. Note is supported for this operation by hydraulically 
V-type tough locator for tube OD of approaching axle housing. operated locators that enter the end of the axle. 
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Lightweight Projector 


Has Sub-assembled 
Mechanical Units 


picture projector is designed for either sound or silent 
projection. The combined weight of projector and 8 in. 
speaker is 38 pounds, a weight that was achieved by 
using aluminum stampings and die castings in the con- 
Production cost of this model was reduced 
In addi- 


tion to reducing cost these sub-assemblies facilitate 


struction. 
by designing components as sub-assemblies. 
replacement and repair operations. No lubrication is 
required throughout the life of the machine. Exterior 
finish of the two units is crackle grey enamel. Handle 
are provided on each unit. Projector is manufacturéd 


by the Empire Projector Corp., New York, N. Y. 
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FRAME is a spotwelded assembly of 52S aluminum sheet 
stock 0.064 in. thick. Main frame is a sandwich construc- 
tion consisting of an asbestos sheet cemented between two 
aluminum sheets with 3M adhesive. This construction is pf0- 
vided for both soundproofing and heat insulation. Embossed 
surfaces in the frame are used as film guide indicators. 
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Sprocket assembly Movernent box 


MECHANICAL SUB-ASSEMBLY UNITS include the 
sprocket assembly, movement box assembly and sound head 
assembly. Bodies of these units are aluminum die castings. 
Reel arm supports in the sprocket assembly are zinc alloy 
die castings. Large film guide rollers are duralumin 
with oilite bearings pressed in each end. Small guide 
rollers are brass, chromium plated. Included in the move 


Rear lamp housing 


Motor assembly 


OTHER SUB-ASSEMBLIES include the motor assembly, 
rear lamp house assembly, lamp house grille and front 
lamp house assembly. Motor shaft has a two speed centrif- 
ugal governor mounted on one end and a cooling fan 
mounted on the other. Two motor speeds are required to 
provide 16 frames per second film speed for silent projec- 
tion and 24 frames per second for sound projection. A 


Propucr ENGINEERING — Aprit, 1948 








Sound head assernbly 


ment box assembly is the mounting for the 2 in. coated 
f1.6 lens. Flywheel in the sound head assembly is brass, 
cadmium plated. Flywheel shaft is supported by two sealed 
ball bearings. Six volt prefocussed-base exciter lamp in 
this assembly also serves as a threading lamp. Cartridge 
type photoelectric cell used for sound reproduction is 
removable. Unit bodies have a crackle grey finish. 


Front lamip Ouse assembly 
r ~ -` 





LATIL 


AOUSING grille 


i 


wiring harness assembly provides the electrical connection 
between the motor and rear lamp house assemblies. Mounted 
in the rear lamp house is a 750 watt projection lamp. Lamp 
house grille mounts in top of projector, providing a means 
for exhausting air from the lamp house. All units have 
a sandwich-type construction similar to that used in the 
main frame, for sound proofing and heat insulation. 
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Sound Projector (continued) 


AMPLIFIER UNIT, mounted on end of frame, has sub- 
assemblies consisting of groups of condensers and resistors 
arranged around the flange. Input stage is shock mounted. 


Film take-up belt (Leather) 


Sprocket drive and take-up gear 
144 and 96 rom 


Shutter - adjustable for two or 
three bladed operation 
440 and 960 rpm> 


Shutter and 
cam shaft 


m feed and 
up sprocket 


peed governor-contro/led mx 


5 200 and 3,460 rpm 


POWER DRIVE to take-up reel is through a V-belt, gear 
train and leather belt of circular cross-section. Steel 
sprocket gear and shutter pinion have generated tooth 
profiles. Film is driven by the sprocket mounted on the end 
of the take-up gear shaft. Either hand or power rewind 
is provided. 
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Die cast 
zine alloy 
shutter pulley 


Section A-A 


Set 


screw 


Arrangement for 


sound operation ata 


Duralumin 
} --- blades 


retaining collar 
pressed on hub 


Section B-B 


Section C-C 


Arrangement for 
silent operation 


ADJUSTABLE SHUTTER provides maximum light effi- 
ciency for both sound and silent projection, thus avoiding 
flicker. Blades are fanned out for silent projection. 


SPEAKER UNIT mounts in an aluminum carrying case 
that has clamps for holding feed and rewind arm and the 
take-up arm. To prevent excessive tension on the film 
adjustable friction clutch is mounted on the shaft of the 
u reel. This clutch has a felt facing cemented 
one of the zinc alloy die cast drive flanges. 
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Portable Wind 
Speed Indicator 


Has Modified 
Tachometer Unit 





PROPELLER ANEMOMETER should be held above eye level 


when reading approximate wind speed in any chosen direction. 


Designed for use in airplane take-off tests at landing 





+ 1.0 

fields, this instrument measures wind speed by +08 

means of a wooden propeller connected to a mag- 

netic tachometer indicator unit. The instrument can | £ 

be held in the hands to take speed reading or it ag 

can be equipped with a vane and mounted on a | 2 *°? 

base whereby it will automatically face into the wind 9 0 

and indicate wind direction on a pointer scale in S -02 

addition to giving speed readings. Instrument has ata | x /ncreasing | 

a maximum range of 35 mph on a scale graduated in * Decreasing) | | } 
tenths of a mile per hour. Minimum reading is from 10 15 20 25 30 
+ to 1} miles per hour. Unit was developed by Wing Speed, Mph-Indicator Reading 





S. H. J. Womack and F. Cordero of the National TYPICAL CORRECTION CHART for one of these instru- 

Bureau of Standards in cooperation with the Navy ments shows that within its 35 mph range, maximum error is 

Bureau of Aeronautics, Washington, D. E from plus 0.9 mph to minus 0.6 mph. Because of friction, 
instrument readings begin at about 14 mph, but will go down 
to 4 mph if propeller is rotating. 


Magnetic speed register unit~ 


Propeller Mounting Screws 


Collar on slotted 


“Brass ring 


``- Ball bearing adi : 
~- Cross pin- 


og . P r Gear train 
Brass spinner flange Drive shaft - À bea. s 


Magnet Helical hour 
Spring 


ANEMOMETER CROSS-SECTION shows how a Kolls- cup or selecting propellers of different pitch angles. Tem- 
man Navy mark “V” electric tachometer was modified to perature variations a not affect the accuracy of the read- 
make the indicating unit. Greater sensitivity than that ings in the range from minus 20C to plus 50C. Adjust- 
indicated by a pointer revolution every 10 mph can be ment may be required at minus 50C where error is approx- 
obtained by adjusting air gap between magnet and follower imately 0.5 knot. 
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Resistor Cooled 
by Spiral 
Water Flow 


High frequency, high power, type LP resistors 
designed for television, FM radio and dielec- 
tric heating applications, have a 0.001 in. 
thick composition resistance film on the 
interior of a Pyrex glass tube. A high veloc- 
ity stream of water flows in a spiral path 
against the film and by centrifugal force 
maintains thermal contact with the entire 
surface. Interchangeable nozzles to suit 
local pressure conditions and power dissipa- 
tion up to 5 kw are provided. Designed to 
permit mounting on the end of a coaxial 
line with both water intake and outlet con- 
nections at RF ground potential, they are 


available in sizes from 35 to 1500 ohms. RESISTORS have an outer conductor adapter that clamps around the 


Resistors are made by International Resist- outside of a 3 in. coaxial line. Inner conductor is cut off 4} in. shorter 

ance Co., Philadelphia, Pa. than the outer conductor and assembled to the unit by a fitting that 
threads into a tapped hole in the cap on the end of the resistor. Resistor 
will not operate on a d-c load, as deduces will destroy the unit. 

































-Resistor sub-assembly 








A Silver plated 
cast brass water 


fit ting ---~ 







Water outlet 































































210 g'00 R 
W 
Water intake ba Silver plated outer si 
5 1. F 0.0.” conductor adaptor d 
Resistance coating í 
3 anton B-B ” 
Showing Intake Nozzle m 
erep T 
Silver plated di 
resistor cap l 
bosiga \ th 
Nozzie | Dia.A | Water Flow No. /0 ~32 tap a 
Number in. | gpm Dug to for 3". S deep 
| | B A copper water~ . 6 re 
Silver plated G fube “Solder sea/ 
| clamp ring--~ 9” Ci 
m 7i in 
Section A-A Ce 
RESISTOR CROSS-SECTIONS indicate how the nozzle is cap is retained on the end of the glass tube by a solder 
placed tangentially in relation to the inside diameter of the seal. All metal parts are silver plated. Table shows 
resistor tube and thus induces spiral water flow. Resistor various nozzle sizes for given power dissipations. 
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NEW VIEWER has a two-tone color achieved by specifying urea plastic material instead of phenol formaldehyde. 


Plastic Viewer 
Redesigned 


Without Die 
Cavity Change 


Redesign of this plastic viewer was made 
without changing the die cavities. The de- 
sign problem ‘here was to give the new 
design an improved appearance and a more 
satisfactory film guide mechanism at a mini- 
mum of manufacturing cost for tool changes. 
The problem was solved by specifying a 
different plastic material and redesigning 
the interior of the components so that only 
a manufacturing change in punch design was 
tequired. Viewer is made by the Tru-Vue 
Co., Rock Island, Ill. The design was made 
in cooperation with the Mast Development 
Co., Davenport, Ia. 
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1940 Model Ribs cut away 
to clear film 


Redesigned guides 
hold film Straight 
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Mechanism holds Film main 


New Viewer 





VIEWER CROSS-SECTIONS show how 1940 model was redesigned 
without changing die cavities. Only the punches were changed. New 
model supports film without touching the picture area. It can be 
assembled without fixtures. Only machine operation is that required 
to install lenses with spring clips. A metal advance claw mechanism 
is included in the new model, which permits film to be pulled back 
from the same side of the viewer from which it was mented. 
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Speed- Time 
Analyzer Aids 
Engine Equipment 
Designer 


When designing auxiliary equipment for en- 
gines, it is advantageous to know the speed 
that the equipment will operate throughout 
its working life. Because tachometer read- 
ings taken from tests are laborious and often 
misleading, C.A.V., Ltd. of Acton, London, 
England, has developed a speed-time ana- 
lyzer that records and integrates with count- 
ers, the total time during which an engine 
runs at various speeds. A high speed en- 
gine generator developed by this company 
using the speed-time analyzer to determine 
working speed, is described on the opposite 
page. Generator performance curve is made 
from analyzer curve data. 


RECORDING UNIT COUNTERS are tied in electrically 
with the centrifugal switch and a time base motor. Timing 
device gives one second impulses, permitting a counter to 
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SPEED-TIME ANALYZER has a centrifugal selector switch and a 
recording unit that includes a time base motor and nine counters. 


-Stationary contacts 


We/g At. 


Coupling 
shaft 


`n Rack sleeve 


Spring spring 


---7 frame 


CENTRIFUGAL SWITCH has two weights that cause arm to rotate 
past stationary contacts. Switch is driven by engine crankshaft. 





Jime base 


motor 
Timing contacts 


5 
High speed timing conto 


record in seconds the running time that the engine runs 
within a speed range. High speed drum switch and 
counter switches are provided for resetting counters. 
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GENERATOR DESIGNED 
FROM ANALYZER DATA 


A curve developed from readings 
obtained on the speed-time analyzer 
is shown. Usual practice with gen- 
erators is to plot the percentage of the 
total running time above a given 
speed, against engine rpm. 

Generator performance curve is 
then plotted from the known output 
speeds and maximum output, usually 
on a 100 hr basis, showing the time 
spent above each speed against output 
in amperes. 
sasing Engine R.p.m High speed generator shown was 
designed to fit known service condi- 
tions as determined by road tests using 
the analyzer. Weighing 76 lb, it is 
16} in. long and has a 7 in. diameter. 
Cutting-in speed is 1150 rpm at 24 v, 
and maximum load speed is 1450 rpm 
at 55 amperes. It is driven at twice 
engine speed. 

An extended yoke with disk-type 
louvered end shields that carry only 
bearings and connector socket is pro- 
vided. Laminations and commutator 
are pressed on shaft. Plug and socket 
connector avoids using terminal box 
and permits generator to be located 
in any circumferential position in its 
mounting. Generator shaft is sup- 
ported on the fan end by a sealed 
roller bearing. A sealed ball bearing 
supports the commutator end. 
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Sealed roller bearing, Brush gear mounted Brushes ofample section to limit  Louvred end 
snugly fitted to keep directly on inside of yoke current density, slotted to obviate plate forms 
down overall length dust accumulation protected air 


pm ELE Lied 
| NTR P 
.- nit a idan } 
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/ į p f ug and 
/ : ’ A) s = aw type 
light weight, wt : ” connector 
high efficiency J) facilitates 
protected fabricated N connections. 
Sheet metal- J in. wide mae y j No projecting 
ventilating fan Lubricator sunk below yoke {U W terminal box 


ka 


diameter, protected from damage 


Propucr EnG INEERING — ApRIL, 1948 105 








PROGRES 


In this running summary of technical developments, 
space restrictions do not allow giving complete details. 
Further information relating to any item can be ob- 
tained by writing to the Editor of Product Engineering. 


PLASTICS AND RUBBER 


PLASTICS are being recognized as a “‘here-to-stay’’ 
industry by ever-increasing numbers of engineers and 
managers. Surprisingly, this recognition has been belated 
in the profession that furthered plastics—chemical engi- 
neering. Resin production is finally given credit for 
being one of the basic chemical processing operations. 


RECOGNITION of the basic nature of plastics is more 
deep-seated among physicists and engineers interested in 
fundamental properties of materials. This is partly a 
result of constant research on the part of the plastics 
industry itself, but can be traced also to “supplementary” 
value of plastics, as aids in photoelasticity studies, and 
as all types of models. 


E “Frozen” stresses are being studied in the West- 
inghouse Research Laboratories, via polarized light 
through photoelastic resin models. Large pieces 
such as a crane hook, of “Fosterite,” an alkyd 
copolymerized with styrene, are cast by a special 
process for three dimensional stress studies. 


E Case-hardening has been applied with success to 
phenolic castings. G. A. Sterbutzel and J. T. Grey 
of the Cornell Aeronautical Laboratory, writing in 
Modern Plastics, report that with non-catalyzed 
resins surface hardness was improved to 25 percent 
more than the specimen cores. Compressive strength 
could be increased 75 percent, flexural 65 percent. 


EXTRUDED PLASTICS have many design possibilities. 
The flexibility of the extrusion process is only now being 
realized, with the perfection of machining and finishing 
techniques. 


E Extruded plastic “‘lay-flat’” baby bottles will soon 
be available. Extruded polyethylene tubing sold 
in continuous lengths and heat-sealed at 6 in. inter- 
vals will have sterile interiors until cut. The user 
cuts the tubing at one end, fills it with sterile milk, 
and inserts a plastic fitting with nipple over the 
open end. After use, this low-cost flat bottle 
can be discarded, eliminating washing, sterilizing 
and storing of bottles. 


E Extrusion of thermosetting materials, phenolics 
and ureas, is progressing rapidly in England. One 
producer alone is extruding 50 different cross sec- 
tions. Thermosetting extrusion is slower and more 
difficult than thermoplastic. Dimensional accuracy 
and finish are excellent. 


E When machining to exact size is necessary, ex- 
truded tubing is superior to molded tubing because 


REVIEW 


I N 


the former has more uniform density and hence 
machines more uniformly. Frequently the extruded 
tubing is post-cured in ovens at 160 C for 3} hr, 
to yield a dimensionally stable product. Design of 
the die is the most important single factor. 


ELECTRICAL APPLICATIONS of extruded plastics are 
more numerous than ever. In this field, polyethylene leads 
in new uses, because of its excellent dielectric qualities and 
superior moisture and corrosion resistance. Although 
raw materials manufacturers (Bakelite and du Pont) 
have proceeded with extreme caution, reports from 
polyethylene users abound with enthusiasm. 


EIn England, polyethylene extruded tubing is 
braided with a resistance wire and then the entire 
unit covered with polyethylene, for water- and 
weather-resistance. The units are sold as soil- 
heaters. 


E Four years of research towards basically improved 
miniature batteries has culminated in a_ plastic 
type. Designed for small radios, hearing aids and 
cameras, the new batteries will be in full scale 
production soon. 


E Most satisfactory way of coding insulated wire 
for easy circuit identification is the new “Spiralon” 
wire, vinyl covered with spiral colored markings 
printed on the covering with vinyl ink. For special 
applications, Spiralon can also be obtained with 
abrasion-resistant nylon coating over the markings. 


SIZE OF PLASTICS items merits continued interest. This 
is one of the last vestiges of growing-up stage of the 
plastics industry. As “functionality” becomes more im- 
portant, the “mine-is-bigger-than-yours” attitude should 
disappear. 


E Thermoplastic tubing is now available up to 10 
in. dia. Because of the close tolerances on inside 
and outside diameters, these tubes should find 
extensive use in housings, and processing equip- 
ment, in place of more expensive milled metal 
parts. . . . Also, flexible plastic tubing up to 3 in. 
dia. of clear transparent or colored material, as 
well as special tubing for high-pressure or high- 
temperature operating conditions are available. On 
the other end of the scale, polyethylene packaging 
film is now available in 0.0005 in. thickness, at 4 
premium price. 


E Another interesting large molding, an acrylic 
lens, 144 x 174 x 33 in., filled with a light mineral 
oil of the same index of refraction, has been devel- 
oped by R.C.A. to enlarge television images from 
2 to 4 times. With this lens, the image received 
on a7 or 10 in. television picture tube, is effectively 
converted to the size produced by a 15 in. tube. 


PACKING AND SEALS are becoming important appl 
cations for synthetic resins. It appears that some uses have 
been “waiting” for new plastic materials to be developed. 
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E Permanent valve packing is claimed for ‘“Chemi- 
seal 510,” fabricated completely from unoriented 
Teflon (polytetrafluorethylene), a chemically inert, 
non-sticking, and easily deformable resinous ma- 
terial (see page 154, November 1947, PRODUCT 
ENGINEERING). The packing is inserted into valve 
stuffing boxes in the form of a bushing or sleeve 
and with low nut pressure flows to the dimensions 
of the box. 


E A new method of insulating magnetic coils with 
plastic sealing sleeves to form a tough, tight fitting 
insulation has been announced. The new process, 
which permits covering of all inner and outer 
surfaces in one operation, is accomplished by slip- 
ping a sealing sleeve inside the magnetic coil, turn- 
ing the two ends over the outside and permitting 
the sleeve to air dry. 


IN COMBINATION with other materials, plastics are in 
extensive use. Composite constructions—laminates and 
sandwich structures—have been publicized widely. But 
perhaps the use of plastics as coating has been overlooked 
in the “composite” field—-after all, strength as well as 
protective qualities are required. 


E Cellulose nitrate lacquers, oil-reacted phenolics 
and alkyds have been used for years, but recently 
newer types such as melamine-alkyds were intro- 
duced. Strippable coatings have been extended to 
protection of tools and airplane parts. 


E Low cost of styrene resulting from the huge war 
development for use in GR-S synthetic rubber has 
aroused tremendous research effort to use this ma- 
terial in surface coatings. Results in general have 
been discouraging. However, “Ultrol,” a combi- 
nation of styrene and soya bean oil, is reported to be 
successful. 


E Other “composite” items include new crash hel- 
mets with greatly improved protection to pilots. 
The shell is low pressure molded of glass cloth and 
styrene-polyester resin, and the lining includes 
cellular cellulose acetate and foamed rubber, the 
entire unit contoured to fit the head. The helmet 
has molded-in movable earphones. 


SPECIALIZED PROPERTIES are one of the chief selling 
points of plastics. To the long list, add fire resistance— 
combined with low density, water resistance or other de- 
sired properties. 


E A fire-resistant panel, developed initially for air- 
craft safety will soon also be applied to ships, hotel 
room doors and building partitions. ‘Pyroply”’ 
consists of cellular cellulose acetate sandwiched 
between sheets of carbon steel only 0.006 in. thick. 
Official tests, under C.A.A. specification, revealed 
that panels with an overall thickness of $ in. with- 
stood temperatures of 2220 F for more than 30 
min. 


E New plastic rollers with better wearing qualities 
than natural or synthetic rubber or leather rollers 
are now being produced from a modified polyvinyl 
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alcohol resin. The new rollers are totally unaffected 
by fuels, oils, are lightweight, non-smearing, wear- 
and abrasion-resistant, have high tensile strength, 
and are devoid of static charge accumulation . 
Synthetic rubber consumption in the United States during 
1947 was well above government expectations and legal 
requirements. Actually the synthetic type accounted for 
slightly more than 50 percent of all rubber used. 


NEW TYPES OF SYNTHETIC RUBBER continue to 
demand attention because of superior properties. As with 
plastics, formulations are specialized, usually in answer 
to specific problems. We have specialization in other 
fields—why not in synthetic resins and rubber? 


E The U. S. Rubber Company claims tread proper- 
ties equal to or superior to natural rubber for its 
new synthetic rubber produced from the same 
chemical reactants as GR-S but reacted at lower 
temperature, near 0 F. instead of 125 F. 


E Another new synthetic rubber, produced from 
different raw materials, is Hycar P.A. (polyacrylic 
ester). Unvulcanized, it will find applications as 
an adhesive or as a coating for fabrics and paper; 
vulcanized forms are claimed to have outstanding 
resistance to heat, oil, ozone, ultra-violet light. 


PRODUCT IMPROVEMENT is the order of the day in 
the rubber industry. The question is not natural vs syn- 
thetic, but which compound is best for a given application. 


E Big advance in early 1948 seems to be better 
treads for tires. In Northern states, many drivers 
are having worn tires recapped with a “snow-and- 
mud” tread, a Goodrich button-bar design, engi- 
neered to provide better pulling power with only 
a slight sacrifice in riding comfort. . . . Firestone is 
featuring its new “Polar Grip” tread with thou- 
sands of tiny suction cups claimed to grip icy pave- 
ments. 


H@ An oil-resistant application for nitrile-type rub- 
ber is the flexible coupling for the 4800 horse- 
power Pratt & Whitney engine in the new Convair- 
Liner commercial transport. Here oil-, gasoline- 
and heat-resistant requiremenis are satisfactorily met. 


NONFERROUS METALS 


SILVER, an underworked noble metal, is gradually 
assuming industrial stature. If governments cease to treat 
silver as a fine metal primarily used as a currency base 
and raw material for silverware, novelties and jewelry, 
many industrial needs could be satisfied. Cupro-nickel 
alloys have proved their worth as coinage, and artificial 
silver pricing would disappear if volume demand for 
industrial applications were allowed to dictate. 


E Low-cost silver brazed joints are possible. 


E Used pure as a motor brush, or mixed with car- 
bon to form a composite, it will produce a coating 
on any rotating part and improve conductivity. 


E Silver can be used, according to E. L. Cady, 
Scientific American, as: Substitute for stainless steel 
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in food handling equipment, replacement for some 
tin in lead-tin solders, lining in metal cans for 
food and in chemical equipment. 


E Silver is almost self-healing and porous areas can 
be repaired by surface plating or even peening. 
As a bearing liner, it has good lubricity and em- 
beddability, does not melt readily and conducts 
heat of friction away rapidly. 


E Powder metallurgy parts can be produced from 
a new chemically precipitated silver powder. In- 
creasing use of powder metal techniques and 
reduced silver prices could make this powder a 
valuable design material. 


ALL IS NOT ROSY with silver, however. B. W. Jones 
of the General Electric Co. recently said that silver may 
be inferior to other contact materials in some circuits. 
The two important factors in contacts are thermal capacity 
and oxidation—silver has low thermal capacity. Tendency 
to vaporize and explode when interrupting large cur- 
rents may overshadow low oxidation rate. Oxidation is 
important when breaking moderate current a large num- 
ber of times; thermal capacity important when breaking 
large currents. Tests bear out these generalizations. 


E Current of 20 amp at 115 v, 60 c broken by silver 
and tungsten contacts raises tungsten temperature 
higher. Arcing voltage drops are equal. This 
indicates that oxidation can cause additional tem- 
perature as well as erosion. 


BA three-phase bridge-type starter having 4 in. 
silver contacts was used to make and break 50 amp 
at 550 v, 60 c inductive load in air, and lost 60 
mg per pole per 100,000 operations. Under same 
conditions, copper contacts lost 76 times as much. 
Copper contacts were checked in nitrogen atmos- 
phere and lost only 100 mg—showing oxidation 
was major factor. 


@A 150 amp d-c contactor, with a blow-out arc 
interruptor, was used to make and break 430 amp 
at 250 volts. Arcing contacts of copper had a 
loss rate double that for silver. Thermal capacity 
properties caused rates to be more nearly equal. 


PRECISION CASTING TECHNIQUES, in present 
practice, are receiving careful consideration by design- 
production teams. Three examples of different methods 


are worthy of note. 


B Stators on the Buick Dynaflow automatic trans- 
mission are precision cast of aluminum alloys in 
Radial vanes on stators are stag- 
gered in quadrants and vary in thickness from the 
outside to the root—a section that can only be 


plaster molds. 


made by casting. 


E By taking advantage of strength and rigidity that 
can be built into die-cast parts, and by using high 
strength aluminum alloys, a Swiss company has pro- 
duced a portable sewing machine. H. K. Barton says 
in Dre Castings that it is sufficiently rigid to sew 


thick, hard material, yet the lower arm is so small 
that stockings can be darned on the machine. 





E One fourth the weight and one third the size of 
conventional binoculars of comparable optical per- 
formance, a new model is housed in magnesium. 
Magnesium was chosen because it is light and has 
strength and rigidity necessary to maintain accuracy 
and durability. The housing is a complex part cast 
by the "lost wax” process to achieve accuracy needed 
for mounting the optical system. 


POWDER METALLURGY may solve major metallur- 
gical stumbling blocks facing economical production of 
high temperature alloys. Needed, are materials with 
better wear resistance that will be capable of sustained 
loading at 800 to 1,200 deg Centigrade. For gas turbine 
blades, according to H. W. Greenwood, Metal Industry, 
these properties must be in addition to resistance to cor- 
rosion and erosion. 


@ Refractory metals—tantalum, tungsten or their 
carbides—combined with cobalt or nickel, offer best 
wear resistance but are difficult to fabricate; hence, 
the door lies open for powdered metal techniques. 


€E Marked reduction in porosity, obtained by using 
fine particle powders, has raised powdered metal 
part quality to that obtained by usual metallurgical 
practices. . . . Close control of composition and 
homogeneity, as well as extension of hot-pressing 
methods, can produce parts with still higher quality 
and at lower pressures. 


GAS TURBINES are responsible for much work now 
being done on high temperature alloys. Though most 
research is aimed at this one use for the metals, they will 
be applied in many ways, and are already introducing 
new techniques. 


E Superiority of nonferrous metals over steel when 
used at 800 C or above has been demonstrated by 
English alloys mentioned in Metal Industry. Many 
of these nickel or cobalt alloys contain no iron. 


E Precipitation-hardened alloys are usually used for 
gas turbine blades operated at 1,200 to 1,500 deg 
Fahrenheit. These may be bar stock or forgings of 
cobalt or nickel alloys, and are solution heat-treated 
and aged. R. H. Smith, Iron Age, shows that cast 
cobalt alloys are used above 1,500 deg Fahrenheit. 


E Gas turbine parts are made by newly patented 
process that combines extrusion and cold chamber 
die-casting techniques. Alloys of beryllium with 
magnesium, aluminum, copper and nickel are 
extruded through an orifice into a die and formed to 
shape by pressure. Bosses and flanges can be 
formed and cores are used to form undercuts 


ALUMINUM AND ITS ALLOYS continue to dominate 
the light metals field. Because there is so much activity 
surrounding aluminum, “know-how” increases in great 
strides. 


B Of all the possible combinations of aluminum 
with other elements, less than 100 are in commercial 
use as casting alloys. Thirty are regularly used in 
sand and permanent mold castings, according to F 
A. Lewis, The Foundry, and about 10 fill most 
needs for high strength castings. 
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B Aluminum 95-5 wire has replaced steel wire for 
foundry core reinforcement because it disintegrates 
when molten metal fills mold. 


E Aluminum has been used for making telephone 
booths in Canada. American phone booth 
manufacturers are experimenting with Rigidized 
Metals because of their sound-absorbing properties. 


E Aluminum alloys. 14S, 14ST and 24ST can be 
specified for parts that will be machined at surface 
speeds of 20,000 fpm, according to test results listed 
in Iron Age. A special turret lathe, using a single 
point carbide tool without cutting or cooling fluids, 
removed 470 cu. in. (47 Ib) per minute without 
overloading. 


E According to H. E. Sorensen, president, Dexter 
Machine Products, Inc., aluminum timing gear sets 
are successfully replacing composition gears. 


IRON AND STEEL 


TESTING OF STEELS was speeded up by wartime activ- 
ity in the heavy metal industry. Much has been learned 
concerning relationships between temperature, strength 
and metal composition; and testing methods. The Charpy 
notched-bar impact test specimen is undergoing severe 
criticism. 


HA. B. Bagsar recently said that conventional 
Charpy specimens could not show transition tem- 
perature range, in which ferritic steels shift from 
ductile to brittle, because small size had small 
restraint on deformation. He suggests using a 
chilled, notched plate, of full thickness, pulled 
apart by an eccentric tearing action instead of the 
usual axial loading. This method gives value in Ib 
per sq in. for inception of brittle failure at a given 
temperature. 


E A recent discussion by F. Jonassen, predicated on 
tensile tests of plates with slots in the middle, indi- 
cated that full scale tests are of definite importance. 


E In another talk, C. W. MacGregor and N. Gross- 
man, compared the conventional Charpy test with a 
slow bend test in which the strain rate was held con- 
stant. The slow bend test is believed to show the 
first onset of brittleness more decisively than the 
Charpy test, and does not require as many tests. 


PLATING EFFECTS ON BASE METAL fatigue strength 
have been under general consideration since a question 
was raised in 1945. At that time, chromium plate was 
thought to decrease fatigue strength of nonferrous parts 
by 30 percent, unless highly polished prior to plating. 
Recent work by L. Mehr, T. T. Oberg and J. Teres on 
chromium plated steel adds more information. 


E Fatigue life was reduced from 8 to 50 percent 
by a 0.001 in. plate. 


E Least effect was produced when plate applied 
it 55 C in the upper end of the bright plating 
range. In general, lower plating current density 
introduced greater reduction in fatigue strength. 
APRIL, 1948 
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E Baking to reduce hydrogen embrittlement and 
electrolytic polishing prior to plating were detri- 
mental, but nitriding was beneficial. 


CREEP PRINCIPLES and creep testing of high tempera- 
ture parts are rapidly receiving attention as gas turbine, 
jet, rocket and high temperature steam investigations con- 
tinue. 


E Steam turbines are expected to have a useful, effi- 
cient life of 20 years. . . . Creep tests must be car- 
ried on for thousands of hours, at low stress, to 
secure a reliable base for extrapolating life expec- 
tancy to this length. 


E High stress tests on jet units—life measured in 
hundreds or thousands of hours—must show that 
metals will not fail because of tearing fracture or 
brittle fatigue. 


BG. V. Smith, W. G. Benz and R. F. Miller have 
found that good metals hold load-carrying ability 
over a definite temperature range. 


VARIOUS STEELS have been investigated by E. L. 
Robinson in efforts to find a pipe suitable for use in 
steam plants with temperatures to 1,000 deg. Fahrenheit. 
Creep and creep rupture data were used to compare molyb- 
denum and chromium steels: with and without vanadium ; 
silicon or aluminum killed; as-rołled; normalized or 
annealed. 


E Vanadium increases high temperature load-carry- 
ing ability. 
E Molybdenum-vanadium combination, without 


chromium, has not shown graphitization. 


E Silicon killing instead of aluminum, normalizin 

. 8 . . . & 
instead of annealing, coarse grain instead of fine 
grain are usually advantageous in any of these steels. 


E Chromium does not add much high-temperature 
strength, but is known to stabilize against graphiti- 
zation. 


E British investigation has shown the chromium- 
molybdenum combination to be better than plain 
molybdenum, but not as good as the molbydenum- 
vanadium, which is much better than either. 


EW. E. Bardgett agrees that silicon killing is 
superior to aluminum and emphasizes the previ- 
ously known, but little used, fact that phosphorous 
confers high-temperature load-carrying ability on 
plain carbon steel. 


EXAMINATION OF STRESS DISTRIBUTION in a 
punch press frame by short-length wire strain gages, led 
to addition of tie rods for stiffness and better stress dis- 
tribution, and to increasing the radius of a fillet. Accord- 
ing to G. Brewer, Testing Topics, these changes reduced 
the maximum local stress by about 40 percent. One part 
had to be made from a higher yield strength material, 
but needed no design changes. 


E Use of the strain gage technique allowed a press 
originally designed for moderate duty service to be 
used on heavy duty work. Are many of our 
machines overdesigned? 
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Fig. 1—(CA) Typical magnetic circuit 
structure of an a-c or d-c relay designed 
for magnetic latching. (B) Schematic con- 
trol circuit for operating relay on a-c. 
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WHEN APPLIED to control circuits of 
the general type that often use mechan- 
ically latched relays, a unique advan- 
tage of moaia A ras relays is 
that accidental manual change of arma- 
ture position does not cause permanent 
loss of record of last operating posi- 
tion. When manually released, the 
armature returns to its last operated 
position; or the last position can be 
determined by the state of the mag- 
netic circuit. Advantages over ordi- 
nary types of self-holding relays with 
single magnetic circuit include (1) 
operating coils are energized only mo- 
mentarily so cannot overheat and (2) 
magnetic latching can be used on a-c 
or d-c circuits with equal ease. For 
a-c operation, no shading coil or lami- 
nated core is required. 

A magnetically-latched relay has a 
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Fig. 2—(A) Heavy lines show typical impulses of current that cause the relay to latch 


and unlatch. 


(B) Basic magnetic changes 1, 2, 3, and 4 caused by respective current 


impulses in (A). Amount of residual in the magnetic circuit depends on position of 


Magnetic Latching of Relays 


Several methods for applying “memory” type relays for a-c and d-c circuits. 


relatively simple magnetic structure, as 
shown in Fig. 1(A). The magnetic cir- 
cuit is made of a material that has 
high retentivity, such as 3} percent 
chromium steel with a small amount of 
carbon. By changing and controlling 
the amount of residual magnetism in 
the core or yoke (or both) of the 
relay, the armature will remain open 
or closed. An initial electrical impulse 
from a pushbutton, limit switch, or 
other control element causes only a 
momentary flow of current to the relay, 
since the current is interrupted when 
the relay operates. The brief impulse 
of current alters the magnetization of 
the core. High magnetization attracts 
and holds the spring-biased armature. 
At low magnetization, the force of 
the spring overpowers the magnetic 
pull and opens the armature. Funda- 
mentally, the same magnetic circuit 
will operate on either a-c or d-c supply. 

A typical control circuit for operat- 





a-c wave when coil is energized. Operating current must overcome the residual. 





ing the magnetically latched relay on 
alternating current is shown in Fig. 
1(B). Only a single coil is needed 
since the a-c wave goes through zero 
every cycle. In Fig. 1(B), closing the 
latch pushbutton completes the circuit 
through the coil. The armature closes, 
thus (1) opening contact A, (2) 1m 
terrupting the circuit, and (3) trans- 
ferring the control circuit to contact 
B. The armature remains held in the 
closed position by residual magnetism. 
Depressing the unlatch pushbutton 
energizes the coil. As the cyclic cut- 
rent reverses the residual magnetism 15 
decreased and the spring opens the 
armature, thus in interrupting the cit- 
cuit at B and closing contact A. For 
simplicity, only the auxiliary contacts 
that control the momentary impulse of 
current are shown. In service the arma: 
ture also carries power contacts. 

A range of conditions of current 
flows in the coil for latching and ur 
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Fig. 3—Current for relay with 175 ohm coil, operating on 120 
volts. No series resistance for latching; 300 ohms resistance for 
unlatching. (A) Alternating current, 60 cycle (B) Direct current. 


Table I—Characteristics of a Magnetically Latched Relay Operating on A-C 





Unlatching 








WM 


Unlatching 











A-c 120 volt, 60 cycies 
5,000 turns, 175 ohms 


Varies with (1) forces resisting latching of armature 


and (2) magnitude of a-c current wave when relay is 


energized. 


0.004 to 0.012 


Duration of operating impulse, sec... 
Pull to operate auxiliary and power 

IO. cad vwken vies uceses 16 
Total force holding contacts closed, oz. 
o E E 


See oscillograms. 


22 to 48 


Armature will unlatch without series resistance in 


coil: but 300 ohm in release circuit increased “mem- 
ory” by reducing the residual. 


latching is shown in Fig. 2(A). The 
effect of the current impulses on mag- 
hetization is shown in Fig. 2(B). In- 
termedite operating positions result in 
different magnitudes of residual induc- 
tion B. Any slight residual induction 
in the unlatched position is caused by 
the forces that try to return the arma- 
ture to the unlatched or open position. 
The operating current depends on 
the position of the a-c wave when the 
coil is energized and the forces acting 
against latching the armature. A typ- 
ical range of operating current for 
a-c- and d-c- shown in Fig. 3 by oscil- 
lograms. 
_ Other general operating character- 
istics of a magnetically latched relay 
Operating on a-c are given in Table I. 
For comparison, when the same relay 
was operated on d-c: Forces to op- 
erate and hold the contacts were com- 
parable; approximate duration of im- 
pulse, 0.007 sec; and 300 ohms in 
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series with the coil was necessary to 
obtain proper release. 

Tests show that the total holding 
forces vary depending upon the mag- 
nitude of the magnetizing current. 
The minimum holding force of a typ- 
ical relay was 6 oz more than the force 
required to operate the contacts. If 
the pull required to operate the con- 
tacts was 20 oz, for example, then the 
minimum total holding force was 26 
oz. But the maximum force remained 
48 oz. This minimum difference of 
6 oz over the pull required to operate 
the contacts is obtained by using a 
comparatively large airgap. This al- 
lows the magnetizing current to in- 
crease to a larger value before the 
current is interrupted when the relay 
operates on a part of the cycle that re- 
sults in low current values. 

The maximum force of 48 oz is ob- 
tained when the relay is energized at 
a time during the cycle that produces 







Fig. 4—Holding force is increased by permanent magnet retard- 
ing armature until magnetizing current reaches predetermined 
value. For special 
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circuits this is a useful characteristic. 
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Fig. 5—Tapped coil on a-c relay provides 
positive operation on some applications. 


peak values. These are higher than 
those obtainable at 120 volts d-c. 
Therefore, 32 oz maximum on d-c was 
obtained as compared with 48 oz on 
a-c operation. 

The final holding force of a relay 
can be increased by holding the arma- 
ture back until the magnetizing cur- 
rent reaches a certain magnitude. One 
such method, shown in Fig. 4, uses 
a permanent magnet. 

For proper operation on a-c, relays 
should ick up on an impulse lasting 
less than one half cycle. When needed, 
series resistance can be inserted in the 
release circuit if the impedance does 
not increase enough when the arma- 
ture is attracted. Another method is 
to use a tapped coil, as shown in Fig. 
5, for positive operation. 

For direct current, two coils wound 
in opposite directions on a common 
core can also be used. One coil mag- 
netizes the core and the second coil 


> 
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Unlatch 


Fig. 6—Schematic of typical d-c control 
circuits for: (A) Two coil-type relay and 
(B) single coil type of latching relay. 


produces reverse ampere turns that 
create a neutralizing flux. Another 
type uses a single coil and a reversing 
switch. In Fig. 6 (A) depressing the 
latch pushbutton attracts the armature, 
which is held in position by residual 
magnetism after the circuit is inter- 
rupted. Energizing the second coil 
bucks out the residual flux and the 
spring opens the contact. The series 
resistor in the unlatching circuit limits 
the current to value that practically 
demagnetizes the core, but does not 
reverse the residual. This increases the 
pick-up speed when latching. Fig. 6 
(B) shows how a pushbutton re- 
verses the direction of current flowing 
through a single coil d-c relay. 
Another scheme for magnetic latch- 
ing comprises a combination relay and 
auxiliary magnet as shown in Fig. 7. 
The yoke and core of the relay is ordi- 
nary silicon steel, but that of the mag- 
net uses high retentivity steel. The 
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Switch 





Fig. 7—Combination magnetically latched contactor: (A) Diagramatic view and (B) 
schematic control circuit. The auxiliary magnet of high retentivity steel speeds returi 


of the relay armature; and also it 


auxiliary magnet speeds the return 
movement of the relay armature and 
also prevents contact points from mak- 
ing or breaking circuits accidentally 
when the relay is not in operation, 
such as from vibration. The contact 
= shown are only those required 
or the operation of the relay and the 
auxiliary magnet. 

In Fig. 7 (B), closing of the switch 
completes two circuits: (1) From plus- 
switch-F-D-E-minus: also the parallel 
circuit, (2) from plus-switch-M-K-L- 
T-S-A-H-E-minus. This energizes the 
relay and also demagnetizes core O, 
so that the armature G is attracted to 
core C, taking with it the armature P, 
of the auxiliary magnet. Contact A 
is opened and B closed when the arma- 
ture G is very close to relay core C. 
Closing contact B completes the fol- 
lowing circuit: plus-switch-M-K-N-R- 
B-H-E-minus. This magnetizes core O 
and armature P pulls armature G, But 


prevents 


false operation from vibration 


because of the momentum of arma 
ture G when moving toward core C Ẹ 
and also because of the time it takes 
for the current in coil K to build up 
armature G is in the final position 
before the core O is fully magnetized 

The relay has a small airgap so tha 
the pull of core C on armature G 5 
sufficient to keep its contact closed re 
gardless of the pull between P and 0 
tending to open contact B. As soon 4 
the switch is opened, the action 0! 
this pull causes the return of the arma 
ture, in parallel with the action o! 
spring J, thus speeding return of arm 
ture and contacts. Because of the resid: 
ual magnetism in O, the armature G 
stays locked in the rest position with 
out any line connection and does not 
depend on spring tension. Thus if de § 
signed for this purpose, the locking 
property would — the closing 0! 
contacts even if the return spring ! 
weakened or broken. 
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stress analysis ? 

Intelligent use of the tools of experimental stress anal 
ysis enables the research and development engineer to 
complete design investigations rapidly and to obtain other- 
wise obscure engineering data. Stresses, deflections and 
trains in any structure or member can be determined to 
an amazing degree of accuracy. Frequently conditions re 
vealed are far different from the expected, and desirable 
product improvements can be made. Often the designer 
an, relatively quickly: 

|. Achieve optimum distribution of material. 

Increase load carrying capacity and service life of 
the structural members. 
Minimize peak and local stresses 

i. Reduce the weight of the structure. 

Decrease fabrication, material and other production 
COSTS 
Complete a sound structural design, saving time and 


leve lopm« nt expense 


to consider experimental 
stress analysis. 


Ihere are three general instances when experimental 
methods are indicated for design analysis 


When the problem is too complicated for accurate 
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mathematical solution. (And most problems al 


some stress analysts say. Others hold that an exper 


mental investigation usually should be combined wit 


a detailed mathematical analysts Even though th 
solution may not be entirely correct theoretically, 
will provide a rational guide. ) 
Examples: 

When stresses are indeterminant be 


dynamic loads 


When deformations may shift the load in a 


unpredictable and dangerous fashion 


When serious residual and internal stress 


È 


are ¢ reated by produc tion or assembly pro esses 


>. When the mathematical solution or service tests ta 
too much time 
Examples: 

(a) When the engineer is faced with a larg 
vestment in calculation time or lengthy 
components 
To check Operating stresses so 
mine the maximum safe service speed for 
chine elements, particularly on oldes 
which may have been overdesigned 

(d) Experimental analysis on models, rath 
full-scale units, thus shortening devel 
time and reducing construction costs 

3. When the correctness of the design solution 
determined 
Examples: 
(a) A check on product performance after 
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in shape, material, heat-treatment, or joining 
of important structural members. 

Verification of a theory or empirical rela- 
tionships. 

To settle an engineering argument so that the 
design decision may be based on fact, rather 








than prejudic e. 





To study failures on the spot, so that struc- 





tural inadequacies can be remedied without a 





time-consuming major redesign. 





HOW experimental stress data 
are obtained 






The four most frequently used techniques are: 
BRITTLE COATING 
tresses and to locate regions of dangerous stress concen- 





to get the overall picture of surface 





trations. 
PHOTOELASTICITY 
ross section. Effective for determining the stress concen- 





to study stress distribution through a 






tration factors, a primary cause of failure. Also useful in 





he study of the stress gradient, which in turn is related to 





notch sensitivity. 
MECHANICAL 





STRAIN GAGES OR EXTENSOMETERS—tO 
neasure directly deformation on a portion of the surface. 





Many limitations prevent universal application. Some spe- 





ial mechanical gages can make measurements beyond the 






apabilities of other techniques. 
ELECTRIC STRAIN GAGES 


nalyst’s tools; highly accurate and sensitive. 





most versatile of the stress 






Because they 





re minute, continuously indicating, and their responses can 






e recorded. many ingenious applications are possible. 





Specifically, the various te hniques enable the engineer to: 





l. Measure the strain at almost any point on a surface. 





Compute the kind, direction and amount of the cor- 





responding stresses. Determine directly static stresses 





below the surface (photoelastic methods). 





3. Obtain accurate information on the load. 






Í. Study deflections and stresses under shock and im 





pact loads. 





A 


Obtain graphs of stresses and strains developed dur- 






ing a cycle of operation. 






6. Measure residual stresses created during fabrication. 


assembly, and use. 






Study changes in stress distribution as load is in 





reased or fatigue develops. 





sa 





Visualize, so as to avoid, stress-raising design features 






it ultimately cause failure. 







\ 





\ does experimental stress 
equipment cost ? 


As will be shown, costs vary with the method used, the 






Normation required, and the speed and accuracy desired 





Fre iently the expense is insignificant, even less than 


i 
WOuld 





Sometimes the 
than $100 
other hand, for a dynamic loading study on a com 





e the cost of calculating the data 
juipment 
On th 





needed can be assembled for less 





plex structure such a 





an airplane wing, $100,000 might 





p for instrumentation For many machine design 
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studies, a $1,500 investment will provide equipment that 1s 
adequate to make valuable design improvements. Further 
more, most of this equipment is permanent and can be 
used for future investigations. 

The experience of many companies who embarked on 
a modest program has been that the results impelled them 
to expand the initial effort greatly and profitably. 


WHO can run an experimental 
stress analysis program ? 


One man with knowledge of the fundamental behavior 
of materials and the theory of elasticity can handle the 
average program. ‘This individual needs a mathematical 
background, plus patience, tenacity and intuition. Careful 
organization and good planning are requisites for success. 
Above all the engineer should decide what he wants to 
know before starting any test. 

It should not be construed that this experimental work is 
easy; however, many practical product improvements can 


be made by the competent experimental stress analyst. 


A 


WHERE can one learn more about 
experimental stress analysis? 


References on specific techniques aré included later in 
their appropriate sections. For a general background, 
refer to: 

‘Handbook of Experimental Stress Analysis,” sponsored 
by The Society for Experimental Stress Analysis to 
be published Spring, 1948, by John Wiley & Sons 
This is the basic instruction manual. 

Proceedings of the Society for Experimental Stress Anal 
ysis, annually from 1941 to date. These describe ap- 
plications of various techniques to dozens of diverse 
studies ranging from propeller hub vibrations to the 
impact resistance of the human skull. 

“Types of Strain Measuring Devices and Their Range of 
Utility” by Karl F. Smith, PRODUCT ENGINEERING, 
Jan. 1947, 107-110. Describes briefly a number of 
strain gaging methods and gives numerous references. 

Mechanical Measurements by Electrical Methods” by 

Howard C. Roberts, The Instruments Publishing Co., 

Inc., Pittsburgh, Pa., 1946. 

Methods of Stress Determination in Engine Parts’ by 
Charles Lipson, SAE Journal of Transactions, Vol 
51, No. 4, 105-124. 


how each technique has a place in solving engine 


An outstanding article showing 


design problems. 

Symposium on Experimental Stress Analysis” in Prop 
UCT ENGINEERING, Jan. 1947. Describes a number 
of design improvements that were made through the 


use of the different experimental techniques 
Following sections discuss the vari- 
ous equipment requirements, advant- 

a ages, limitations, costs, and include 


specific references, for each technique. 
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Stresscoat Unit for Brittle Coating Analysis 


Brittle Coating 


PRINCIPLE 

To cover the structure with a coat- 
ing that will crack wherever strain ex- 
ceeds a fixed amount. 


METHOD 

The part is degreased, then sprayed 
with an aluminum pigmented under- 
coating. Fifteen minutes later a strain 
indicating coating, “Stresscoat*,” is 
sprayed on the object. At this time 
several calibration strips are similarly 
coated. After drying 5 to 20 hr the 
object is ready for test. 

Generally the part is loaded while 
the operator simultaneously observes 
the formation of cracks in the coating 
as the surface of the specimen strains 
beyond the ultimate strength of the 
coating. These cracks form at right 
angles to the direction of the principal 
tensile strain. Knowing the modulus 
of elasticity for the material and the 
amount of strain that will crack the 
coating, the operator obtains an indi- 
cation of apparent stress at the points 
where cracks first form in the coating. 
Thus the coating indicates the distribu- 
tion of all tensile strains equalling or 
exceeding the rupture value for the 
coating over the entire surface. To ob- 


* Trademark of brittle coating equipment manu- 
facturing by the Magnafla Corporation. 
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tain quantitative data, coatings that 
crack at different amounts of strain are 
used for identical tests. Comparison 
of crack pattern density on the speci- 
men with crack density formed on the 
calibration strip under known strain 
shows approximate levels of strain. 

To photograph the crack patterns in 
the coating for later study or record, 
either of two techniques are used: (1) 
The object is dipped in red dye 
etchant. The coating is then washed 
off, leaving the etched lines. (2) For 
quick, and generally adequate, results, 
the areas of crack formations are 
circled with crayon. Within these areas 
a few crayon marks are made, oriented 
with the cracks. 


EQUIPMENT 

Stresscoat unit shown costs about 
$1,000 and includes spraying equip- 
ment, a selection of coatings, thinner, 
and calibrating equipment. Over 20 
coatings are available, so that for any 
temperature and humidity conditions 
there are coatings of several strain sen- 
sitivities. 

Purchasers within Continental USA 
are entitled to the services of an in- 
structor who will work with their engi- 
neers for several days. Brittle coating 
material to replenish original stock in 


Applying Load With a Hydraulic Press 


the unit costs $7.50 per quart. 

Loads are applied two ways: 

1. Service testing, by using the 
coated part as a normal member of the 
machine through a cycle of operation. 

2. Laboratory testing that simulates 
the service condition, but allows appli- 
cation of increments of load. This can 
be done with a loading pan, or by a 
press. 

The hydraulic, hand-operated, auto- 
motive repair press, costing approxi- 
mately $150, is excellent equipment 
for many tests. An ordinary pressure 
gage gives reasonably accurate meas 
urement of load. Insofar as possible 
the load should be applied at the same 
points and with the same direction as 
the service load; otherwise stress dis 
tribution will not reflect service con 
ditions. 

Usual procedure is to load by known 
increments while watching for the 
formation of initial patterns. Two sep: 
arate runs or more are often made; the 
first, to get an idea of what to expect: 
the second, to determine the exact load 
corresponding to a certain stage ot 
pattern formation. 


ADVANTAGES 

1. Brittle coating has been rematk- 
able, even startling, for its revelation 
of stress concentrations heretofore un 
appreciated. The tendency for strong 
sections to pass the load on to weak 
regions is strikingly revealed. 

2. The powerful visual impression 
given by the crack patterns quickly 
emphasizes what design features aft 
causing stress concentrations. Thus, 
one test may make obvious the path 0! 
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conveying the idea of stress distribu- 

tion to shop men and other nontech- 

nical personnel, by whom it can be 
easily understood and appreciated. 

3. Stress distribution is obtained for 

an entire surface; therefore it provides 

a useful preliminary study of structure 

= | indicating where wire and other strain 

. | gages should be placed. 

4 4. Small, critical regions around 

ok joints, fillets and holes can be studied 

because every part of the coating is an 

active indicator of strain. The work- 

ing “gage length” is about 7, in., 

and indicates peak stresses in regions 


TYPES OF BRITTLE COATING TESTS 


...and What They Revealed 








E A Full Cycle Service Test 


PROBLEM: To determine whether a standard .38 special caliber revolver could 
safely handle the .357 Magnum load. Also to decide where stresses are greatest 
on the revolver cylinder; in the milled-out portion, on the periphery, or in the 
web between chambers. 

METHOD: Revolvers were prepared with a coating, then fired with their respec- 


where a wire gage would overlap and 
tread an average stress. However, it 
may be hard to coat these regions with 
the identical thickness deposited on 
the calibration strip. 

5. Residual stress values often can 


be approximated quickly. 


tive cartridges. This was repeated with coatings of different sensitivities. 










the 
the $ LIMITATIONS 
ion. 1. There is no time scale. When 
laii operated under service conditions, 
spi maximum stress only is indicated dur- Stress levels noted 
‘can § 08 cyclic loading. were indicated by 
oy 2. Only one loading condition can wean 
be applied to a coating because the Col. 36 Sueciel sensitivities 
uto. $ Patterns cannot be erased. For another Frame strece 25,000 psi i 
a loading condition, or if an uncorrect- Cylinder stress 25,000 psi 
sites able error is made during the running 
_ &f ofthe test, the old coating must be re- 
sure E moved and another applied. 
— 3. One of the biggest objections has 
sible been the need to operate in a narrow 
ame H ange of controlled temperatures and 
na Ñ humidities. However, new coatings 
di- È have broadened the useful temperature 
con: $ nge and humidity is ño longer crit- 
ical. Stresscoat can be used under a 
own Ẹ wider range of conditions than gen- 
the $ erally supposed. 
kpd mes r e ading s have Cal. 357 Magnum i 
; ult for some experiment- Frame stress 50,000 psi | 
pect: ers. Accuracy better than 20-25 per- Cylinder stress 50,000 psi 
load È cent or within 5,000 psi in steel 
e 0 Ẹ requires skill and experience. 
REFERENCES 
aii "Brittle Coatings for Quantitative RESULTS: 
tie Strain Measurements” by DeForest, 1. Highest stresses occurred in the 
“a Ellis and Stern, Journal of Applied milled-out portion of the cylinder, 
ae ais Dec. 1942. In Propucr rather than in the web between cham- 
B NGINEERING a coming article by A. bers as had been suspected. Therefore 
J. Durelli will cover brittle coatings as the chamber spacing, which determines 
oi a complete system of stress analysis, cylinder diameter and, in turn, frame 
idly d will include an exhaustive bibliog- size and weight, did not have to be in- 
a wy. Future articles by Greer Ellis creased to handle the heavier load. aie 
rest we show how brittle coatings can be _ 2. Intensity of the cracks near the Special 
th of a a conditions to study juncture of strap and barrel indicate 
ural failures on the spot. that the frame must be strengthened. dite Petes Bere Ai adnia Gii 
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2. Stress Distribution in Overload ... 


PROBLEM: To 
heavy overload, in the gear case housing of an automatic 


discover possible sources of failure, under 
home laundry. It was considered desirable to keep all 
stresses under 15,000 psi for this particular gray iron. 


es A 
saak 
ES 


| 


i 


Test Resutrs: Crack pattern 
indicating approximately 14,000 psi or 


areas 


more and 20,000 psi or more are out- 
lined in ink or crayon. Lines of crayon 
marks indicate direction of the cracks, 
which are too small to be seen in most 
photographs or their reproductions 

stress concentra- 


Tendency toward 


RECOMMENDATIONS: Casing on the right has 


been modified by plaster-of-Paris additions to show recom- 


DESIGN 


mended changes from the original on the left. Boss sup- 
port has been thickened and ribs are faired into smooth 
A 45 deg, + in. chamfer has been cut in the top 


of the boss support. This is expected to get maximum 


contours 


tions in corners is clearly shown. The 
brittle coating analysis also reveals that 
stiffening ribs are dangerous 
raisers” because their outermost fibers 
are far removed from the neutral axis. 
It can be seen that an electric 
gage and most mechanical gages will 
overlap some of these stressed areas, 


METHOD: Several castings were sprayed with coatings that 
cracked at strains corresponding to 14,000 psi and 20,000 
psi in this gray iron. Coated castings were then operated 
in the machines under heavy overload. 


General Electric Compan 


thus reading average stress instead ol 
peak stress. 

Stress lines along the rear faces ot 
gear teeth on the rear of the sector 
gear indicate that there is insufficient 


“stress 


strain metal in this region of the sector to 
handle the inertia force at the reversal 


of impeller movement. 


a 


stress away from the 90 deg edge of the boss. Section on 
the bottom has been increased to add stiffness and reduce 
stresses. The pin dia has been decreased } in. to help in 
reducing stresses on the thin left side of the boss. 
Sector gear was strengthened by increasing the metal in 


the area of excessive stresses. 


General Electric Compan 
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Fillet Stress Study ... 
PROBLEM: To determine the cause of failure of an aircraft 
engine cylinder; this failure caused the plane to crash, kill 
ing a number of Failure was in the cylinder 
wall just above the flange. Independent experts held four 


passengers. 
difterent Opinions on the cause. 


I. Started in the small fillet behind the cylinder hold 
down nut because of rough machining and stress concen 
trations. 

2. Started at the stud hole in the Hange 

3. Started in cylinder wall just above main fillet because 
hold-down stud was loose. 

i. Started as in (3) but caused by “dirt” in the steel. 


METHOD: Hydraulic press was used to apply pressure to 
the explosion chamber. About 45,000 psi, the high tension 
stress during takeoff, was produc ed in a perfect cylinder 


and in a deformed cylinder, both brittle coated. 


Ellis Associates 


| PORTO ATELIER NE ca a St 


TEST RESULTS: 


Ellis 
PERFECT CYLINDER: Patterns showed that fillet, hole, and 
even absence of a stud, were not the cause of failure. 


Associates 


Ellis 
DEFORMED CYLINDER: (Outer edge of flange was bent 
upward 0.01 in. above the inner edge.) Cracks showed 
residual stresses of at least 65,000 psi existed before the 


Associates 


hydraulic loading. 


CONCLUSIONS: A cylinder from the engine in question was 
tested and gave results similar to those of the deformed 
cylinder. A check on the records showed that the engine 
had been in a minor previous crash, which had sprung the 
cylinders out of line. The possibility of flange misalign 
ment never had been considered. Thus, an unsuspected 
cause of failure was detected and a hypothesis confirmed 


') Residual Stress Determination .. . 


PROBLEM: ‘To study residual stresses in the gear casing 
d £ £ 


lescribed in Test 2. 


General Electric Company 
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METHOD: Coating having a sensitivity of 0.0005 in pei 
in. strain was applied. After drying, holes were drilled in 
the casting with a depth approximately equal to the dia 
of the drill, 3%%4 in., in this test. If strains ex eeding thi 
coating rating are relieved, patterns will form in the coating 
Radial cracks reflect tensile stresses, circular cracks indicate 
compression. The extent of definite pattern away from th 
edge of the hole in terms of the number of diameters of the 


hole gives a measure of the residual stress present 


TEST RESULTS: Each diameter of pattern, which in this 
instance is each crack ring, represents approximately 10,000 
psi of residual compression. The notation “2C” means 2 
rings of cracks. The push fit of the pin probably has 


relieved compressive stresses in the pin boss 


Note: The accuracy of this method is admittedly in need 
of more analysis. However, there is certainly a rough 
quantitative indication by this technique. The reader is 
referred to the writings of A. J. Durelli and Greer Ellis in 
Mechanical Engineering, Dec. 1947, 1049-50 
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© Avoidance of Stress Raising Design Features 


PROBLEM: To develop an alu- 


. Pi 
minum or magnesium crankcase f 
y u 

that would have the minimum he 


material, with adequate strength. 
The crankcase bays should be 
shapes easily cast. It should be 
possible to add the basic bay pat- 
tern to the 4 cylinder crankcase 
so that the crankcase could be 
extended for 6 or 8 cylinder 
engine designs. 


—— 


MeTtHOD: Failure occurred at 
the upper corner of the stiffening 
rib. The crack (left) started 
where the fibers were under 
maximum stress because of their 
distance from the neutral axis 
and stress concentrations in the 
fillet. Brittle coating test (right) 
revealed the high stress concen- 


tration in this region. > 





Continental Aviation and Engineering Corporation 





Continental Aviation and Engineering Corporation 





RESULTS: Original casting on the left was modified to the shape 
shown on the right. Longitudinal ribs have been eliminated. The , 
crankcase web is raised nearer the middle of the boss depth so that all 
fibers are closer to the neutral axis. All contours are flared gradually 
into other sections. Overall effect is that of a sheet drawn into appro- 
priate shape, and strengthened by thickening where needed, rather than 
by the addition of other members. 


~j 
O 
O 
O 





-Old 


in 
O i 
O Stress, psi 


COMPARATIVE PERFORMANCE: Can be visualized from the drawing at 
the right. The highest stresses occurred in the old design where the 
narrow rib and boss were joined by a fillet. This point also is far 
removed from the bending axis. The stiffness of this high rib pre- 
vents intermediate flexure that might relieve the bending load on the 
fillet. The new design avoids this danger spot. Peak stress concentra- 
tions have been reduced over 50 percent. The stress gradient is much 
more gradual in the new design. The new crankcase is almost 20 
percent lighter; strength has been proven in repeated service tests. 


OLO SECTION 









Rib between bosses 


‘Rib 
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f ) Preliminary to Wire Strain Gage Analysis 






















PROBLEM: To obtain information use- 
ful in the design of steering gear 
housings. 






METHOD: Cast aluminum alloy hous- 
ing and steering arm of SAE 4130 
steel were brittle coated then statically 
loaded in the homemade rig shown. 
Starting with an initial 5 lb, dead 
weight loads were applied in 6 incre- 
ments of 25 lb and one of 30 pounds. 
This 185 lb load corresponds to a 
torque of 1,665 in-lb, about maxi- 
mum torque exerted by a driver. Criti- 
cal areas revealed by the brittle coating 
were then studied with wire strain 
gages of the SR-4 type. 






Ross Gear and Tool Company 

































tion 
Ross Gear and Tool Company 
RESULTS: (Steering arm only shown.) Almost entire arm on the loading platform. After brittle coating tests re 
was covered with crack patterns. Estimated maximum stress vealed the stress distribution, the unit was then tested undei 
was 69,000 psi tensile, at D in the figure. Numbers on the _ identical loading while six wire strain gages were cemented 
steering arm show extent of pattern for that many pounds’ to the arm and housing regions most critically stressed 
stion 
Strain indicator 
($450) 
RESULTS OF WIRE GAGE TEST: Maxi- 
mum stress at point D was 62,700 psi 
, tensile, confirming the Stresscoat read 
ing. No glaring design weakness in 
the steering arms was revealed, as the 
ultimate strength of the SAE 4130 is 
120,000 psi with this particular heat 
treatment. Housing test results, while 
showing no high stress concentrations, 
i suggested that working stresses were a 


bit high for cast aluminum and might 


cause failure through fatigue 





Gear and Tool Company 


i 
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Se = Photographic Analyzer 
pra: plate disk 
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TONE 


,Axes of polarization ~ 
4 


Section of model 









' 
i 
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Monochromatic 
light source 


Polarizing 
disk 





Photoelasticity 


PRINCIPLE 

Stress analysis by photoelasticity 1s 
based upon the property of certain 
transparent materials to be doubly re- 
fractive under stress. Polarized light 
passing through such material vibrates 
in two perpendicular planes, the planes 
of principal stresses in the model at 
each point. The velocity of light 
through the model is a function of the 
intensity of the principal stresses. Thus 
interference bands that can be inter- 
preted as stresses are produced. Stress 
conditions in the model generally are 
identical to conditions in the full-sized 
unit under similar load. 


METHOD 
After the model is placed under 
load, polarized light is passed through 


} 


it. The interference pattern can be 
seen on a ground glass, and it is usu- 
ally photographed for later study. Two 
characteristics are important for design 
purposes: (1) Difference of the prin- 
obtained from the iso- 
lines. 


cipal stresses 
lines of 
constant color if a white light source 


chromatic These are 


]22 


is used, or are a series of dark and 
light lines with a monochromatic light 
source. (2) Direction of the principal 
stresses—given by the isoclinic lines. 
These are dark lines that connect all 
points in the model at which principal 
stress directions are parallel to the axis 
of the polarizer or analyzer disk. 

Often stresses at the free edges of 
the model are the only concern. At 
free boundaries the normal stress, 
which is one of the principal stresses, 
must be zero. Then the difference in 
principal stresses is equal in magnitude 
to the tangential edge stress. This dif- 
ference is computed by multiplying a 
constant for the particular model ma- 
terial times the number of isochromat- 
ics (fringe order) between the edge 
and the interior spot that stays dark 
during all the loading; then dividing 
by the thickness of the material in the 
path of the light. 

Contemplated design changes can 
be checked for stress distribution by 
photoelastic examination of a new 
model, or study of the old one after 
modifyiħg the contour with a file. 





Propuci 


ADVANTAGES 

Photoelastic stress analysis has cer 
tain advantages: 

1. Gives stress distribution through 
out a section, not only at the surface. 
Its most important application is in the 
determination of 
factors. 


stress concentration 


2. Indicates stresses in otherwise in- 
accessible parts; for instance, where 
machine members meet and the mating 
surfaces cannot be reached by gages or 
Probably the best way of 
studying localized compressive stresses 


coatings. 
can be completed and 
modifications studied in inexpensive 
models, before the full-sized unit 1$ 
made. 


3. Tests 


4. Where quantitative determina 
tion is practical, the value of stress at 
a point can be obtained. In this sense 
the method is equivalent to a strain 
gage of zero length. 


LIMITATIONS 

The operator must be well grou: ded 
in higher mathematics for much quan- 
titative work. However, for pra tical 
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lesign work all he has to know is how 
to count fringes and apply this infor 
Other difficulties: 

1. Two 


nation. 


dimensional models, cus- 
omarily used, do not always accurately 
reflect conditions in the three dimen 
sional reality. 

2. Three dimensional analysis is be 
yond the capabilities of the average 
mall engineering group. 

3. Dynamic and impact values are 


ard to get and may be questionable 


c 


EQUIPMENT 

Years ago the cost of photoelasticity 
equipment was almost prohibitive, but 
since the development of modern plas 
tics, polarizing materials have become 
uite reasonable. There are only five 
elements to a photoelasticity setup: a 
ight source, condensing lens, polariz 
ng medium, the model and a device 
to load the models, and a camera. 


Light Source: An ordinary incan- 


desc ent 


bulb can be used although 
monochromatic light is a desirable re- 
nement. A mercury vapor lamp and 


filter, 


which gives monochromatic 


light, costs about $20. 


Condensing Lens: This is required 
to focus the rays on the model. Cost 
will he roughly proportional to the 
Square of the diameter. The size of 


) ` 
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lens required depends upon the field 
desired. A 6 in. field is about mini- 
with 10 


useful size. High precision is not es 


mum, inches a much more 
sential in the lens for most design 
work. A 10 in. lens, obtainable from 
companies making optical instruments, 


might cost $60. 


Polarizing Medium: Two glass 
plates or two plastic sheets can be 
used. If mounted by the experimenter 
the cost will be reduced. Polaroid film 
will scratch in time, but it is the cheap- 
est medium, $12 per sq foot. Polaroid 
glass is best for any permanent equip 


ment, $40 per sq foot. 


Model: Cast resin and other plastic 
materials are generally used, although 
celluloid, glass and other transparent 
materials can be used for qualitative 
work. Current price of cast resin for 
quantitative photoelasticity purposes is 
$14 per lb, and for qualitative work, 
$2 per pound. 

The loading device will have to be 
built by the experimenter to suit the 
particular object and type of load. 


Camera: Any camera capable of 
accurate focus at short distances is suit- 
able. A plate back camera is often 


used. 


Cost depends upon the size of the 


TENG 
Polar , Instrument Company 
field desired, which determines the 


diameter required in lens and plates 
Complete commercial equipment con 
sisting of a photoelastic polariscope, 
loading frame and recording camera 
costs about $2,000 in an 8 in. aperture 


REFERENCES 

"Photoelasticity,” Vol I, by Max M. 
Frocht, John Wiley & Sons, Inc., 1941 

“Photoelasticity,” Vol IH, by Max 
M. Frocht, John Wiley & Sons, Inc., 
1948. 

“A Treatise on 
E. G. Coker and L. N. G 
Cambridge University Press, 1931. A 


Photoelasticity” by 


Filon, 


scholarly work, now more of academi 
interest. 

Information on the design of a com 
plete photoelastic laboratory, as well 
as an excellent bibliography, is con- 
tained in an article by Dr. R. D. Mind- 
lin in the Journal of Applied Physics, 
April, May, 1939. 

Forthcoming articles in 
ENGINEERING will tell 


and use a low cost, photoelastic polari 


PRODUCT 
how to build 
scope, suitable for making many use 
ful design investigations. 


Other articles will show practical 
design applications of the photoelec- 
tric technique. Photoelastic analysis of 
stress-relieving fillet curves will be de 
scribed next month. 


WYA 





TYPICAL PHOTOELASTIC STUDIES 


L Stress Distribution in a Simple Cantilever Beam 


Equipment: Simple homemade polari- 
scope, costing under $200. 
Test Method: An 8 in. cantilever beam 
made of cast resin, carrying a concen- 
trated load of 70 lb, as shown, gave 
the isochromatic stress pattern illus- 
-Photoelastic~ | b 4 trated below. By counting the orders 
[ma] of interference from the zero refer- 
| ence it has been possible to establish 
Casares alll | the boundary stress at each point where 
PE | the stress lines intersect the edge. 
Stress on the free edge = 
F. C. (87.7) X order of interference 
70 |b lood | | | hoka as thickness (h = .384) 
| For example, corresponding to the 
eighth order of interference, stress on 
87.7 X 8 
384 


* Actually represents the difference be- 
tween the principal stresses, but in the 
free boundary one principal stress = 0 


Stress in psi 


0.384in 
he 





the free edge = = 1,825 psi*. 


Test Results: 

1. Stresses along the model edge have been 
plotted and illustrate remarkable agreement 
Danes theory and experiment in the region 
where the beam theory is valid. However, 
in the vicinity of the fillet, where the theory 
does not apply, there is a wide discrepancy. 
Here actual stress is higher than predicted. 

. The ratio of the peak value of stress that 
actually occurs in the fillet to the maximum 
value computed from beam theory gives the 
stress concentration factor for these conditions. 
By investigating a series of models, stress con- 
centration factors for many conditions can be 
established for the designer's convenience. 

W. M. Murray 


THREE DIMENSIONAL ANALYSIS has been held 
back for lack of suitable material. Previously 
resins have been limited to about 14 in. thickness. 
Westinghouse now has a resin for three dimen- 
sional analysis in models up to about 6 in. di- 
ameter. The material is intended for “frozen stress” 
studies. In this technique the model is heated to 
about 240—260 F, then loaded and cooled slowly 
under load, to room temperature. Stresses are 
“frozen” in the material. The object is then 
sliced into whatever sections the observer wants 
to study. Stresses in each section are thus pre- 
served for under polarized light. 


Westinghouse Blectric Corpgsgtion 
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2. Analysis of Stresses in a Bolt Head 


PROBLEM: To develop a high fatigue 
strength bolt by redesign of juncture 
of bolt shank and head. 


EQUIPMENT: Simple polariscope. 


LoADING: Arrangement for static ten- 
sion loading by 50 kg increments. As 
each increment is added, additional 
isochromatic lines develop. All repre- 
sent lines along which the differences 
of the principal stresses are an iden- 
tical value, although the stresses them- 
selves are not the same. 


er RIT, 
TES 
bis beh 


INFORMATION GAINED: 

1. The standard bolt develops high 
stress concentrations at the juncture of 
bolt head and shank. It was believed 
that fractures were partially caused by 
the abrupt change from tension in the shank to compression in the head. 
Although a true three dimensional effect is not given by this two dimen- 
sional model, the correspondence between stress concentrations in the 
model and fractures in actual bolt is close. 

2. Final design evolved has a groove at the juncture of head and shank. 
As the photoelastic test shows the groove relieves stress concentration at 
this juncture and eases the transition of tension stresses into compression 
stresses. 


246 ko 


Anderson-Fluke Engineering Company 
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>i yA St ral n Ga eS The accuracy of electric strain gages in indicat- 
(4 pa ing local surface conditions, their adaptability 


to all kinds of structures and materials, and the 



































































pression loads. A piece of felt is 
cemented over the wire for prote tion. 














Operation 1s based npe the change In use, the paper containing the fila- 


ament is cemented to the surface at 
a point under investigation. As the 
surface is strained, the length of the 
grid is changed identically. The 
change in the electrical resistance and, 
therefore, the deformation, can be 
translated by suitable calibration into 
a strain, deflection, acceleration, tempera 
* Trademark Rey. U. 8. Patent Office Baldwin Locomotive Works ture, pressure, torque, or load. 


in the electrical resistance of a fine 
wire as it changes in length. The gage 
comprises a filament 0.001 in. dia 
cemented as a grid on a paper less 
than 0.001 in. thick. Theoretically, 
the wire is encased in a matrix of ce- 





ment having a low modulus of elas- 
ticity compared to the filament. This k 
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many ways in which their signals can be han he 
dled, make them the most important tool available to the stress analyst. Any place that a strain [stra 
change takes place is a potential place for an electric strain gage, subject to certain limitations pro 
tor 
f Electri i ei 
1c 
l. Three Types of Electric Strain Gages n 
1€ 
. r x ext 
Magnetic or Reluctance Type Gage gages im 
i} ; to grip surface of 
A laminated steel core wound with wire and a laminated Structure under test 
p an 
‘mature are separately mounted on the specimen. | Be 
steel armature are separately ; Specim Fer adjusting i 
Depending on the application, the air gap is adjusted from fair gap 
0.003-0.025 in. by an eccentric screw. As the material is eq 
strained, change in the air gap causes a deflection on an ela 
oscillograph film. Magnetic strain gages are also made on e f |1 
the principle of the linear variable differential transformer. en ae 
e — r = p core ar 
- Proceedings ol the SESA, Vol IV, No. 2, p 79, for a pA ras 
description. ce ft 
P be tle aean . 
ADVANTAGES: High output, which frequently does not re- * p 
quire amplification. Measures small displacements as well Gonit MeNi ren 
as strain. Durable. Generally applied permanently tOo LIMITATIONS: Its bulk and the necessity for sc rewing it to J 
bridges, tanks, rails, ship hulls and other large structures. the work. Cost: $95, plus instrumentation 
E 
. e ` 
Unbonded Resistance Wire Gage (Statham Type) 
i inci W 
Operates on the same resistance change principle as the i 
> n 0 
d gage (below). Four filaments are strung between 
bonded gage (DE ) A fea : Armature Frame A 
posts on base and armature. The base is fixed to the mem- | 
ber under test. Movement applied to pin P causes the Pin cormected al 
armature to move, stretching the filaments. to armature In 
ADVANTAGES: Measures + 1,500 microinches rather than i 
microinches per inch. It is best used to measure displace- A 
ments. Measures small loads of 5—10 grams and low pres- 
sures. Because the filament wire can be made to carry the 4 wiring elements strung between s 
load, it has high sensitivity and high electrical output. Below frame and armature on 8 posts Á 
. i ca n 
2,000 psi the gage has a definite advantage over the Statham Laboratories Ine. 
a n E è . . n > > > i > > . a P a pn >l] I 
bonded type for direct indication. bases to the material under test; accordingly, it is not well 
suited to measurement of surface strains. Cost: About $65. 
LIMITATIONS: Necessity of screwing or clamping the Instrumentation is similar to the bonded-gage equipment 
nD K To ` s + 
Bonded Resistance Wire Gage (SR-4 | | | 
£ restrains the wire throughout its length ç 
l as so that it does not buckle under com- 
A. Operational Principle r 


B. Advantages and Limitations 


I. The gage is extremely close to 
the surface so that it will measure the 
strain more accurately than gages that 
project above the surface; important 
for thin members in bending. 

Under carefully controlled con- 
litions it measures in millionths of an 
ach per inch, which is about ten times 
he sensitivity of many mechanical 
extensometers. Useful for strains up 
o one perc ent or more. 

3. The gages are so cheap that they 
an be used profusely, although their 
se is limited to suitable recording 
equipment which is expensive for 
elaborate setups. Equipment cost is 
1 nonrepetitive expense, however. 

4. The gages are so light that they 
arely change the balance or the natural 
frequency of objects to which they are 
ipplied. 

5. Because of their small size, they 


will not affect the aerodynamic char 


C. Basic Circuits 


the 
Wheatstone bridge with one, two or 


Gage circuits are based on 


tour active gages. Gages are placed 
arallel to the directions of strains to 
e measured, if known. (Otherwise 
gages can be used.) 
Input voltage, E,, may be direct or 
Circuit (a) pro- 


rosette forms of 
ilternating current. 
vides no temperature compensation. 
Circuit (b) compensates for tempera- 
ure by using G, at the temperature of 
Ga but without allowing strain change 
a Gi. Bridge output is the propor- 
onal to strain change only, if com- 
ensated. Circuit (b) also can be used 
) double bridge output by placing 


acteristics of an object if properly ap- 
plied. They can be used in wind 
tunnels or for other fluid studies. 

6. They are remote indicating and 
their responses can be recorded, photo- 
graphed, sent by radio, or amplified 
for control purposes. 

7. They can be sealed into a part 
during fabrication or can be mounted 
in many confined spaces because of 
their small size. 

8. Paper mounted gages are service- 
able to 175 F and will sustain 250 F 
temperatures. Bakelite mounted gages 
are useful at 350 F continuously and 
500 F for short periods. 

9. They have freedom from hys- 
teresis, and have low 
when properly installed. 

10. They operate well beyond the 
elastic limit (up to 1 percent strains) 
without altering the original calibra- 


creep values 


tion, enabling structures to be an- 


D 


> 
> 
Q 
Q 
S 
S 
Q 
a 
< 
~ 
Ss 
© 
= 
9 
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Principles shown above are covered 


G, and G, on opposite sides of a mem- 
ber, when strain in Ge is opposite in 
sign to strain in G,, as in bending. Cir 


D. Design Data That Can Be Determined 


Strain 


f 
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Read directly in some instruments; or calibrated in terms of voltage. 


(B) Tension 


Baldwin Locomotive Wo 


by paten 


alyzed to failure. 

11. They can be used for vibrations 
up to 30,000 cps, perhaps higher, 
which adapts them to fatigue studies. 

12. Calibration is stable under shock 
loads, explosive forces with steep wave 
fronts, or severe vibrations. 


LIMITATIONS: 

1. Low output, which must be am- 
plified for some purposes, especially 
for dynamic studies. 

2. High first cost of instrumenta 
tion, particularly for multiple record 
ings and dynamic studies. 

3. To handle a complicated stress 
study requires more than a casual 
knowledge of electronic instrumenta 
tion, particularly for dynamic studies 


Costs: Gages run from 69¢ to $12.75 
Most commonly used 
than $1 apiece in quantity. 
mentation 
problem. 


gages are less 


Instru- 


costs depend upon the 


Greater than 
5,000 x Go 


‘Greater than 5,000% Gp 


ts controlled by The Baldwin Locomotive Works 


(c) 


four times the bridge output of cir- 


cuit is sometimes used to secure 


cuit (b), or four times the sensitivity. 


Stress—Computed from strain. 


Load—tThe gage is placed on any ap- 
propriate portion of the structure or 
on a lever or compression block at- 
tached to the structure. Calibrated by 
plotting gage output against known 
loads. Generally practical only when 
calibration under known loads is pos 
sible. 
Pressure the 
circumference of the pressure vessel, 
usually a small pipe. Amount of strain 
in the known material is calibrated in 
terms of pressure, or calibrated by plot- 
ting gage output against known pres- 
sures. 


Gage is mounted on 
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Deflection—-Obtained by calibrating 
the bending of a beam which is loaded 
by the deflection under examination. 
This enables a small deflection to be 
detected. Calibration of beam carrying 
gage is done with any convenient ar- 
rangement for imposing known loads. 


Deflecting structure, 


f indicating 
column 















meoo a o eea aE o a E E 


“Gage 


iene mean ata er ee Ra 





Principles shown here and for “Torque” are 
covered by patents controlled by the Baldwin 
Locomotive Works. 


Torque—Two gages are spatially ar- 
ranged on 45 deg right-hand and two 
on 45 deg left-hand spirals on opposite 
sides of a circular shaft. Pure tension 
and pure compression strains are thus 
indicated and can be translated into 
torque. This arrangement is tempera- 
ture compensated and independent of 
bending and direct thrust effects. 
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Direction and Magnitude of Principal 
Strains—-A biaxial stress field is meas- 
ured by a rosette type of strain gage 
that indicates 3 components at definite 
angles. Computation determines di- 
rection, if unknown, and magnitude of 
principal strains. 
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Residual Stress Determination—Indi- 
cated by a gage cemented on the de- 
sired spot, as surrounding material is 
cut away, thus allowing material under 
the gage to relax. Resulting strains 


2. Instrumentation 


Baldwin Locomotive Works 
reflect original residual stress. (A) 
Specimen before boring-out and final 
slitting. (B), (E) After boring-out 
and final slitting. (D) Specimen carry 
ing dummy gage. 


Type and cost of instrumentation depends upon: (1) Whether the test is for 
static or dynamic readings. (2) The level of accuracy required. (3) Number of 
readings to be taken. For a few readings over a large time period, manual bal- 
ancing indication is adequate. For simultaneous readings at many points, more 
observers are required. To save man hours, or to take many readings in a short 
time, automatic recording is needed. (4) Duration of the test setup. Better 
instrumentation is required if readings are to be taken over a period of months. 
(5) Test conditions. Laboratory and field studies may require different equip- 


ment in terms of portability and accuracy. 


It is a misconception that the purchase of each new instrument enables the 


operator to obtain a new kind of data. 


This distinction is generally true only 


between static and dynamic studies. Otherwise the purpose of additional instru- 
mentation is largely (1) to save time and (2) to make a record. Minimum setup 
for static studies, as shown, can be used to interpret strain into almost any kind of 
primary cause, limited only by number of readings and accuracy required. 


A. Minimum Setup Using Microammeter or Potentiometer 


Four gages, connected as a Wheatstone bridge, secure a high sensitivity 


because more than one gage can be active. 


Total cost is $60 to $250, depending 


upon the instrument used. Limitations: (1) Data must be interpreted into a 
strain by calculation or by calibration. (2) Voltage changes in the battery affect 
sensitivity and accuracy. (3) Handles only one bridge at a time. 


Section under stress 





`A 


Fixed resistances. 
SR-4 gages ore 


-“Action gage ($120) 


Microammeter ($15.0 0- 
$ 35.00) (cheapest 
but poor accuracy) 


often used because 
they ore cheap 
precision resistors 


($ 120 each) 


Temperature compen- 
sating (dummy) gage 
($ 1.20) 


| 

a 
~ Gage mounted free 
from strain effects 
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Potentiometer(§ 250.00) 
such as Leeds and 
Northrup type K (much 
higher accuracy) 


Baldwin Locomotive Works 
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B. Minimum Setup for 
Direct Strain Indication 


This typical portable battery op- 
erated instrument is calibrated to read 
in microinches of strain per inch. 
One or two active gages can be used. 





The effect of battery voltage is elimi- easwin | 
nated by the circuit. Because the scale sin, 


is arranged to read in either direction, san ee 


s a change in the direction of strain can í 

s be observed. Cost: $450 approxi- Compensating 
orka mately. There are several strain in- gage 

A) dicators made, some combine manual 








nal | switching and automatic balancing. 

out f Limitations: (1) Only one gage or ign See 8 

ty one half-bridge can be connected at ~ Balancing 
any time. (2) Must be manually bal — knob 
anced before each reading. Pe ee 
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fo f C. Reading Bridges in - 
: 8 = 











of . eae ae 
al Rapid Succession 
ore A manual switching unit for 20 
ort § bridges can be interposed between the 
ter È gages and the strain indicator. Com- 
‘hs. plete multiple gage strain indicators 
ip- (right) automatically balancing up to 
48 gages are available. These are the 
the ultimate in convenience. Cost: $3,800. 
nly Limitations: With the manual switch- 
a ing unit, each strain reading must be 
tup subtracted from the initial datum level ' 
of of that particular gage. These switches i Portable strain 
are available with initial balancing so t Sa 
that all bridges may be balanced to a Up to 20° ` 
common datum line prior to the test. holf ridges Monuol switching 
f Price varies with number of channels ‘ unit $165 
($300 to $700 for 6 to 20 channels). ‘ S 
my Baldwin Locomotive Works Nosker Engineering Producta 
ing 
O å 
tec Baldwin Locomotwe Works 
D. To Record Strain Data from One Gage 
The instrument at the left plots strain data automatically 
It records strain of one half-bridge on a continuously driven 
chart. Will make a record roughly less than 1 cycle per 
| second. Costs $525 approximately. Next step to increase 
the versatility and speed of strain gage instrumentation is 
to add a switching unit so that up to 20 gages can be 
| recorded by manually switching from one gage to the next. 
| E. Final Step Is to Use Automatic Recorder 
i This instrument looks like the recorder at left on the 
i exterior. However it finds the balance of a gage or half- 
| bridge, then automatically switches to the next gage. Will 


record up to 48 gages per minute Approximately $2,000. 





a P 1 u 
P. Fo Measure or Recorer Fixed resistor (generally 1,000 to 5,000 ohm) 
Dynamic Strains 







R 







Battery (such as to 
limit current through 
goge to 25 ma) 


Simplest type of circuit that can be Coupling condenser (00! to L0 mftd, 


used is shown at right. Total cost is O/ mtd average valve) 
about $1,000. Limitations: (i) 
There is no means of calibration in 
terms of strain in the structure or of c= 
shift in the datum (zero) line on the 
oscilloscope screen or oscillograph rec- Strain gage 
ord. (2) Handles only one gage and 
therefore this arrangement is not com 


pensated for temperature effects. 


Direct inking Oscillograph or Osc Scope 


Baltiwin Locomotive a 


G. Dynamic Measurements 
With More Than One Gage 


Ihe Wheatstone network is used 
as shown. One gage can be active 
with temperature compensation or two 
gages can be used to double output as 
previously shown. About $1,000 
$1,500 will cover the cost. 
LIMITATIONS: (1) Only one gage o! 
one half-bridge is recorded (2) 
Lower practical limit of strain fre 
quency 1s usually 5 cps approximately. 





Upper limit of strain frequency de 





pends upon the particular osc illograph 


(100 cps is average.) Brush Development Com 


i i ~ Po its ` 
H. Recording Dynamic wer units N 


Strains in Up to 24 Channels i 12 -channel W 
recording 
Made in many variations, this i ae 


equipment can be as elaborate as re 


quired In the typical setup shown 


a a Š 
two 12-channel recording oscillographs f Lh = (~ 
($4,700 each) are fed by 12 channel gi A. Aar T 


ontrol units ($3,500 each). Power F 

supply units ($2,400 each) are shown = 5 

behind control units el 
Such an arrangement can be used call id ’ 


to study simultaneously many points 
in a complex structure, as the machine 


put through a service cycle 


d 


/ 
L 


a 
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REFERENCES: For a good, but no longer up-to-date bibliography, refer to Bulletin 
179, Baldwin Locomotive Works. "Resistance Wire Strain Gage Applications and Cii 
cuits” by Van Leeuwen and Gunning, PRODUCT ENGINEERING, July 1945, will 
guide the beginner. Resistance Wire Strain Gage Equipment for Static and 
Dynamic Testing,’ same authors, PRopucT ENGINEERING, Sept. 1945, describes 





applications and limitations of such instruments, and a precise method of calibration 
Other articles on electric strain gage analysis will appear in PRopucT ENGINEERING 





s} 





_- Frame 75 (A) INITIAL POSITION | 


—=—=—_—\ 
= -Water fevel 








a ĖS ESNE 
a Way ends 
YPICAL ELECTRIC STRAIN GAGE (B) STERN OVERHANGING - Keer arched (‘hogging’) condition 
fd. è 
TUDIES...and what they revealed 
l. Stress 
sai es condition 
PROBLEM: To determine stress at various points in a ship's 
hull during launching, in particular, the stress in the keel, 
— approximately amidship. During the launch, a hull under 
goes several reversals of stress, as shown at the right 
scope EQUIPMENT: SR-4 gages were placed on the keel at several (D) DROP OFF - Au// completely waterborne 
frames. Mechanical scratch gages were placed adjacent to 
live A 


check accuracy of the methods. Results from the latter are 
discussed in the section on mechanical strain gages 





Test Resutts: Shown by the oscillograph record below 


ey > porey = y angare 


Teeter Peet jem pais i i Maximum saggir Drop off 
(Start of, launch j = y 


Tt 
LEY teei 









Time in’ seconds 


; This data was plotted against the 
Travel from start of launch, in feet i 








alculated moment values, giving the 
100 200 300 400 500 600 700 800 T ; : 8 8 
z120 ace chart at left. Correspondence be 
v 
ai "i tween calculated and measured values 
228 t : ; i 
cE 0 is quite good except at the start of 
ae | F m the launch. Discrepancy of 5,000 ft- 
So 4 + + d 
S tons suggested that there was greater 
4 k , 3 , 
po 0 AB KS. pressure near the middle of the ship 
=- S Ț p © 6 
x TS ile than had been assumed for the initial 
D ke 
8 40 YH Ì4 > launch position. 
č I g ~ T s É 
S. iz > These results illustrate the value of 
E 80 } Ni Ainaa making a preliminary mathematical 
2 Í : 
=5 j} 3 ṣi analysis. Errors in theory or experi- 
\ l 
f 5120 =, $4 af mental technique are more likely to be 
ec S g 
E / Q Š detected. 
o 
6 o I60 
=r 


nm 
Q 
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Frome stotions 
O t0 20 30 40 50 60 70 80 30 100 II0 120 130 140 








An investigation was made to verify the distribution of 











pressure along the ways, which had been assumed to be 22 
trape zoidal. Curves of way pressure are given at right. 20 ee oe ae eee | 41 | 
parabolic curve was obtained by making stra rage y hor 
Ihe paraboli \ is obtained making strain gag kan i 
} ‘ pe | A 
readings at various stations along the keel. The stress I8 -pea ee eee 
Valucs causing these strains were then interpreted into pres 316 Iced vesdhinsnslah ere een bk || nee te 
sure on the hull as ship rested on the ways prior to the £ | wae | | i 
Bin à ; KS © 1 | | B — Bosasin _ ach 
launch. The trapezoidal pressure distribution, based solely g !4 aleculored eo E + f 
. . ° re - . f fi | j 
on calculation, is incorrect. Thus, one result of this stress ¢ 12 ae r i 
e i o 
analysis study was to correct a long-standing error in theory. d 
E ) à . i S| 
Equipment cost would be $2,000 at today’s prices é o 
© i 
ə 8 
? 
t fr 1 ispi pD / I lem 1 
f F huilder a 6 











2. Load 


PROBLEM: To determine the load on 
the launching trigger during the ship 
launching operation. Prior to the re- 
lease of the launching trigger, grease 
irons are pulled, wedges rammed up, 
keel blocks and cribbing re- 
moved ; until the vessel rests on greased 
ways, held only by the launching 
trigger. As the above operations are 
completed, the trigger progressively as- 
sumes more of the load. If the triggers 
are not loaded, the vessel is stuck on 
the ways and will not start downward 


shores, 


when released. This may cause con- 
siderable expense, as well as embar- 


rassment. SR-4 gages were used 
the following arrangement to indicate 
the load on the trigger during the 
launching operation. 


ARRANGEMENT: Strains in the trigger 
are calibrated in terms of load through 
a compensator circuit. Four gages 
are arranged as a Wheatstone bridge. 
As load on the trigger increases, the 
knob on the compensator is turned to 
deflect the beam until the bridge is 
balanced. Beam deflection is cali- 
brated in terms of load on the trigger. 





S 





ô 


Load in per cent 


| 4 | 


3. Bending and Torque under Rotation Reversal 


PROBLEM: 


shovel while “plugging.” 


TEST RECORD: 

Top timing line: White mark indi- 
cates that swing clutch for swinging 
left Contactor was at- 
tached to the swing lever and mark 
comes when the lever is pulled, which 
is somewhat before clutch is in toggle. 
Fourth and third timing lines from 
bottom: From beginning of one mark 
to beginning of next represents a 2.5 
deg swing angle. Machine is swing 
ing to right. After clutch is engaged, 
between marks increases be- 


Speed 


is engaged. 


distance 
cause swing speed decreases. 
132 


4 


3 
eROERS WORD $ -Wedges —}-Outer RE 
tHnner shores -Wood keel blocks- 


Time in hours and events prior to release 


To determine the amount of side bending in the 
boom and torque in the vertical swing shaft of a power 
Plugging refers to the reversing 


aunched 


Sand blocks —— 
_Bildge cribs 
Anderson- -Fluke Engineering Compan 


ai 





goes through zero near middle of the 
record, then machine is accelerated in 
swinging to the left. 

Second timing line from bottom: From 
beginning of one mark to next repre- 


sents 1/6 rev of transmission shaft. 
Speed of shaft, hence engine speed, is 
essentially uniform. 


TEST RESULTS: There is a violent torque impact on the vertical swing shaft as 
Neither first nor subsequent peaks of rapid 
vibration are reflected in side bending of the boom. However, slower varia: 
tions of swing shaft torque and side bending of boom are related. 


the reversing clutch is engaged. 


the direction of horizontal traverse or swing by engaging 
the opposite clutch. 
EQUIPMENT: Shown at the bottom of p 133. 


Propucr 


LAUNCHING TRIGGER 











\Resisting force on trigger 











inderson-Fluke Engineering Company 


ReEsuLts: The strain gages effectively 
showed the increased stress (load) as 
the launching operation progressed 
Data from three launchings are given 



















Bucyrus-Brie Compan 











Bottom timing mark: From begin 
ning of one mark to beginning of next 
represents one second. 

Upper strain gage record: Width 
of the band represents side bending 
of the boom. Lower strain gage 
record: Width of band represents 
torque in the vertical swing shaft. 
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° It is still more flexible, but costlier, bulkier, and more 
4. Torque Fluctuation clumsy than commercial sets. Arrangement is sketched 
below. 
PROBLEM: To compare the torque fluctuations in a trans- 
mission shaft as caused by 2-cycle and 4-cycle, 6-cylinder 
Diesel engines. 





TEST RECORDS: On each oscillograph record shown below 
the top timing mark is a white line indicating torque being 
applied by using the propelling clutch as a brake; the bot- 
Equipment: Circuits and equipment used in these tests tom timing line represents 1 sec from the beginning of one 
were homemade before any complete set was on the market. mark to the beginning of the next. 




















; Bucyrus-Brie Company 
Four Cycle Engine--Second timing line from the bottom torque in the transmission shaft. Torque fluctuates in 


represents 1/6 rev of the transmission shaft between begin- synchronism with firing strokes of engine in most speed 
nings of marks, which equals 0.886 engine revolutions. ranges; particularly severe in speed range from 400 to 360 
Strain gage record: Width of band indicates amount of rpm. No load speed is 900 rev per minute. 






Bucyrus-Erte Company 
Two Cycle Engine—Third timing line from bottom repre- amount of torque in the transmission shaft. Torque fluc- 


sents 1/6 rev of the transmission shaft from beginning of tuates in synchronism with firing strokes of engine from 
one mark to beginning of next; equivalent to 1.382 engine 350 to 180 rpm. No load speed is 1,400 rpm. Both 
revolutions. Strain gage record: Width of band indicates engines pick up rapidly when the load is removed. 
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TEST RESULTS: Comparison and measurement of the strain Maximum torque is +56 percent of average torque for 
gage records show that the 2-cycle engine produces less than the 4-cycle engine. Maximum torque produced in the 
one-tenth the torque fluctuation in the transmission shaft. 2-cycle engine is only +5 percent of average torque 


Bucuvrua-Erie Company 


_--~ SR-4 gages. 
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Measuring 
tension by 
strain: goges 


of assembling this 
t is given on the sketch | 
estimated current prices. i 
gage bridge circuits | 
fe shown, Lefthand circuit ` 
the temperature compen- 
sated AA for aae 
mring tension. The right- 
hand circuit is used to meas- 
ure motion by sliding con- 
tact. A complete description 


Measu 
motion by 
sliding contoct 










Ground established 
on machine Nedr_» 


ridge -=== -7 
















1.2 3. sl 
Troiling cable 























me. BOX with 12 gas discharge 


pears in “Recording Unit S | ~ lubes ($6) 

Or Strain and Timing Func- i Dn- Cathode ray oscillograph ($270) 

tions” by J. H. Meier, Elec- SS __- Shutter ond fo 

tonics, April, 1943. Be _-<°" removed-contin 
eo 





ees fiim motion 





Metronome for time. 






















signals{could be Y i 
electric wee h ppa — S A 
microswitch, ge $ i 
ł Variable speed | ` 
7 common ground MOIE ArI s 
Electronic relay $40) ` 
Y 7 .. 50). N To lt contactors for coa 
O 12 leods sean seed Professional motion picture» 
on contactors for (13 ¢ per ft) comera. 400 ft cop. 50 mm 
film identification focal langth, f 3.5, ( second 
Miscellaneous plugs, cables- $60; voltage reguiotor transformer, $100 hand, $100) 











echanical Strain Gages 


Mechanical often are 


the best, sometimes the only, means 


strain gages 
of measuring strain for certain appli 
cations. Although electric strain gages 
have replaced them in many stress 
studies, there are mechanical extenso 
meters that make special measurements 
beyond the capabilities of any other 
te hnique 
PRINCIPLI 

In general, mechanical indi- 


gages 


ate strain through mechanical lever 


magnification of the displacement be 
tween two knife edges clamped to the 


surface under test. A 


tew gages use 


optic al, photoelectric or electrical sys 


tems to magnify the strain reading 


ADVANTAGES 


1. Useful for simple, short-duration 


Static measurements where 


remote 
readings are not required 


> 


Low cost 

3. Do not have to be replaced after 
use because they are not destroyed by 
removal from the 


i Need not he 


quently as wire gages 


structure 


calibrated as fre 


5. Some extensometers are usable 
at temperatures beyond the range of 
other kinds of strain gages. 


KIA 


LIMITATIONS 
1. Not many gages can be used on 


a Structure because they are difficult 


I. H uggenberger 
[ensometer 


Used for studies on machine 


com- 
ponents and structures because a wide 
variety of clamping devices enables 
application to many surfaces. Strain 
indication is multiplied by the large 
mechanical leverage in the instrument. 
lhis standard instrument has a range 
sensi- 
tivity of about 0.000008 inches. Cost: 
$90-$200 


of 0.004 in. with indicating 


less attac hing devii es: 


While 


is sometimes a drawback, it often is 


to read simultaneously. this 
an advantage because it forces the 
experimenter to take fewer, but more 
carefully planned, readings. 

2. Most 


dynamic studies and have too much 


gages are not useful for 
inertia for impact loads. 

3. Mounted on rotating, reciprocat- 
ing or vibrating parts, the weight and 
bulk of the gage may 
change the natural fre 


mechanical 
balance or 
quency of the member 
i. Mechanical gages are sometimes 


dithcult to clamp securely to test sur- 


fac c 


REFERENCES 


For a listing of gages with 


< È 


range 
and accuracy data, and references on 
individual gages, see "Types of Strain 
Measuring Devices and Their Range 
of Utility,” Karl F. Smith, PRODUCT 
ENGINEERING, 1947, 107-110. 
Recording Stress Level Gage,” R. C. 
Walker and J. H. Meier, ProDUCI 
ENGINEERING, Jan. 1948, describes an 


ingenious 


Jan. 


mechanical-electrical gage 


TYPES 

Of the dozens of mechanical exten 
someters made, only a few are de 
scribed here to illustrate typical con- 
struction principles and stress analysis 
applications 


D sal I <ee 
2. Dial Type 
Extensometer 

This gage is typical of those prin 
cipally used for yield point determina 
tions. Movement within the 8 in 
gage length is indicated on the dial 
Smallest marking represents 0.000025 


$30-$110 in va 
rious makes and gage lengths. 


in. per inch. Cost: 


Baldwin Locomotive Works 






























3. Tuckerman Optical Strain Gage 


Useful for measurement of tension and compression strains 
as small as 0.000002 inches. Has been used on structural mem 
bers such as airplane frames, panels, box beams, cylinders; also 
on riveted, welded and rolled joints. Strain occurring is mani- Reticule 


Adjustable eye piece 


Reflector 


fested by a rocking of the mirrored lozenge. The degree of rock- 
ing is measured by displacement of the reticule image in the 
auto-collimator. The optical system allows the gage to be used 


on hot, cold, stationary, and vibrating members. bjective lens fixed relative to 
5 è the reticule within O00005 mn 


Advantages of this extensometer are its accuracy, (0.1 percent), 
its sensitivity (one half-millionth of an inch), operating range Piši ` 
of temperatures, and variety of usable strain conditions. Cost: 


i À 2 in gage 
Under $1,000, depending on components selected. 


02n lozenge 


Test specimen 
Auto- s 


collimator. 





a y Extensorneter 





ime in Instrument Company 
>} | en een E oy ene iiia photoelectric cell proportionally to the 
4. Photoelectric Extensometet , , yae: 
amount of strain. As the surface 
nes Developed by General Motors Re- in that the photoelectric extensometer strains, the lever arm carrying a grat- 


search Division for making extremely is used to explore more thoroughly ing, pivots about a fulcrum and changes 






short gage length strain measurements the critical areas. the amount of light reaching the photo 

in areas of high stress concentrations. The illustration shows the gage electric cell. Gage unit weighs about 

Strains measured are amplified me mounted to measure strain in a crank- 4 ounce, and gage lengths as short as 
rin hanically and photoelectrically, 30,000 shaft main bearing fillet. This usually 1/16 in. are available. 
ina- to 1 Strains as small as two-mil- requires a number of separate meas Advantages: The short gage length 
in ionths Of an in. per in. are indicated urements at various angles at each facilitates examination of small, crit- 
lial on the microammeter to within +2 point to insure that maximum strain ical areas. Limitations: Successful use 
025 percent. This extensometer may be has been measured. of the gage requires considerable skill 
va onsidered supplementary to the brittle Operating principle is based on vary- and care. Cost: Just under $1,000, 

oating and wire strain gage techniques ing the amount of light falling on a including electrical equipment. 

4. C. Spark Plug Division, General Motors Corporation 

Vor 


Adjustments fe 







fixed grati 
Grating J a 
carried by ,/ p Photocall p 


lever arm<_ 





greting-“ 


5. Scratch Gage 

Lightest, self-contained recording 
strain gage known is the DeForest 
scratch gage. A springloaded arm 
carries an emery coated point in fric- 
tion contact with a small chrome-plated 
target. Both are screwed or soldered 
to the surface of the part to be tested. 
The gage is “cocked” by shoving the 
arm to one side or the other, where 
As strain dis 
places the target relative to the arm, 
the friction grip is broken and the 
spring moves toward the center of the 
plate, scratching a trace. Results are 
interpreted by measuring displacement 
from the base line. The horizontal 


it is held by friction. 


“when test surface is static, but not when 
member undergoes strain variotion~. 


PES WE 


Seratch orm mn Cz > j 
i Gi) K 
Fulcrum ao Restoring force M E D i 
is set up spring when i Half torget, easily inserted 
scratch arm is moved to and removed. ee when 
right or left prior to the fest. several tests are to be made 
A ot the same point 
-Target and end of scratch 
orm are attached to 
surface under fest. 


component of movement has no sig- 
nificance other than to indicate the 
sequence of events. 

Advantages: (1) Gives a graphical 
record of strain on a structure where 
contact cannot be maintained through 


Baldwin Locomotive Works 


trailing wires. (2) Cost: About $ 
for 10 arms and 30 targets. ( 
Weighs less than 2 grams. 
Limitations: (1) Range is 0.0001 to 
0.050 in. over a 2 in. gage length. (2) 
Accuracy is probably off + 10 percent. 





Because it is one of the simplest yet least used extenso- 
meters, a scratch gage study is described here. 

Problem: To determine stress at a point amidship in a 
ship’s keel during launching. This is the same problem 
described in the section under Electric Strain Gages, Prob- 
lem 1. The scratch gages were mounted adjacent to the 
SR-4 gages so that the results would be almost identical, 
and correspondence could be checked. 


Test Records: Photograph of the target from a scratch 
gage on the keel is reproduced to show the appearance. 
All scratches were made at the same time, each scratch 
being made by a different emery grit particle. The best 


Table I—Bending Moments at Frame 75, in Foot-Tons 








Condition Calculated | SR-4 Gages | Scratch Gages 
On ways 17 ,500 112 ,800 103 ,000 
Maximum hogging 204 , 700 — 169 ,000 164,000 
Maximum sagging. +88 ,000 +57 ,200 +61 ,000 
Water borne 84,600 -84,500 | 84 600 
| 


On ways Maximum hogging 


For their contributions and excellent suggestions, as well as 

exacting criticisms, we express our gratitude to: 

A. R. Anderson, Anderson-Fluke Engineering Company 

W. T. Bean, Continental Aviation & Engineering Company 

J. Decker, C. H. Gibbons, F. G. Tatnall, Baldwin Southwark 
Div., Baldwin Locomotive Works 

G. Ellis, Ellis Associates 
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Anderson and Nevitt 
and measurement. 


individual trace is selected for study 
Strain is determined by measuring the actual displacement 
from the base line, with regard for enlargement in the 
photograph. Note the correspondence of selected trace 
below with the oscillograph record on p 131. The cor- 
respondence of scratch gage results is fairly close to that 
of the electric gage and definitely superior to calculation. 
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Why You Ca anot Get Ahead 
As Your Father Did — 


UNITED STATE‘, is being forced 
toward socialism by a tax revolution 
of far-reaching consequences. 


We have not yet felt full the deadly impact of 
this revolution because infiation and the postwar 
boom have delayed its effect . 

But from now on, more and more people will 
feel its bite. Already it is tie dominant element in 
our economic life. Already ıt is the major factor in 
our chances of keeping our jobs and of getting ahead. 

Here are some pertinent facts on this tax revolu- 


tion: 


1. The tax load that our nation can safely carry 
has long since passed the danger point. 


Our capitalistic system is in real danger when 


taxes take more than 20 percent of our national 


income (or 20¢ out of every income dollar). Beyond 


that point there are not sufficient dollars left in 
private hands for capitalistic America to raise the 
capital required to keep its industry going. So we 
are right now being nudged further and further into 
socialism. 

For today taxes take twenty-five percent of na- 
tional income (or 25¢ out of every income dollar). 


2. The tax revolution has undercut the incen- 
tives that help us to get ahead. 


The group whose incomes range from $5000 up 
now turns over about one-half of its total income 
to federal, state, and local tax collectors. Before the 
war, this group gave the tax collectors one-third 
of its collective income. 

In sharp contrast, the group of people with in- 
comes under $5000 pays the tax collectors 20% of 
its income for direct and hidden (mostly hidden) 


taxes — against 18% before the war. This lower- 
bracket group needs immediate tax relief but I 
believe most sincerely that persons earning less 
than $5,000 have a very vital reason for also sup- 
porting tax relief in the much more heavily hit 
upper brackets. 

As you get ahead, you expect your taxes to go 
up. Taxes should be levied, in principle, according 
to ability to pay. But today tax rates rise so sharply 
that they virtually destroy all incentives to get 
ahead, to save, and to invest in new and untried 
enterprises that open up new jobs. The progressive 
tax idea now carried to punitive extremes has be- 
come a destructive tax revolution. 

Today the U.S., envied by all the world for the 
wealth it has won under capitalistic incentives, has 
cut its incentives below those offered by that state 
whose police methods strike terror into the hearts 
of all workers. 

Soviet Russia rewards successful managers, writ- 
ers, and scientists better relatively than we do 
under our present tax system. 

A revolution that sweeps away incentives will 
quickly sweep away our free enterprise economy. 
The only substitute ever found for free incentives 
is the whip-and-lash compulsion of the police state. 
And no police state has ever been able to match the 
production of a free people with a free economy 
that gives adequate rewards to individual producers. 


3. The tax revolution hits squarely the average 
American’s chances of keeping a job and of 
getting ahead. 


If you make less than $5000 a year you may well 
ask why you should worry about a tax revolution 
that seems directed at the comparatively small 
group, about 10% of American families, who make 
$5000 a year or more. 





The answer, it seems to me, is that “risk capital,” 
the money that makes new jobs when invested in 
growing companies or in new businesses, must come 
largely from the people making more than $5000 a 
year. The others usually cannot afford to take any 
risks with their savings. 

It was the savings of this 10% group that made 
possible the huge growth in American industry and 
American jobs and our progress in raising American 
living standards in the years before 1930. 

Now the government is taking so much from the 
10% group in taxes that they cannot afford to risk 
any savings they manage to accumulate. Most of 
their savings now go to insurance companies and 
savings banks which are barred by law from making 
risky investments or investments even in seasoned 
common stocks. 

The flow of risk-capital from this 10% group can 
only be renewed by reducing their taxes. The result 
will benefit everyone over the difficult years to come 
by providing more and steadier employment for all. 

The cost of the presently proposed reduction, less 
than 1% of the national income, can well come out 
of current revenue surplus. It will be repaid many- 


fold by the new enterprises it will stimulate. 


4. Jobs will be lost if risk-capital does not 


increase. 


Unless the flow of risk-capital into business can 
be doubled and trebled in the next few years, busi- 
ness investment in job-making new plants and 
equipment will drop sharply. The McGraw-Hill 
survey of prospective capital expenditures, reported 
in the previous editorial in this series, made that 
quite clear. 

When such a drop in business investment has 
come in the past, it has brought with it a general 


slump in business — and unemployment. 

As we work through the enormous demand for 
goods of all kinds built up during the war years, 
and as the war-accumulated savings of businesses 
and individuals are spent, it will be harder and 


harder to keep production and employment at to- 
day’s high levels. 


Then—at the very time that we shall need all our 
drive to ma:atain prosperity—we shall be hit by the 
full impact of the taa revolution. 


5. Compounding these troubles is a tax system 
as out-of-date as an oxcart. 


Twenty years ago, when taxes took only twelve 
cents out of the national income dollar, our rattle- 
trap tax system was liu more than a nuisance. 
Today, when it takes ‘wice as big a bite, its double- 
taxing of the earnings « f investors, its discriminatory 
excises, and the overlapping of federal, state, and 
local levies are a fata? handicap. A new system, a 
fair system, a rewarding system, is a necessity if 
American initiative an1 enterprise are to have a 
fair chance. 

What Congress does now about federal taxes will 
bear crucially on our ability to sustain prosperity. 

By demanding economy in government and by 
re-designing the tax system to stimulate initiative 
and risk-taking, Congress can multiply many times 
our chances of maintaining full employment and of 
raising living standards. 

By allowing people to save more and by renewing 
the incentive to risk capital in new enterprises, 
Congress can actually insure a bigger tax return 
in the years ahead. More business will result — and 
pay more taxes. 

That is the only way that a free people with 
a free economy can carry the tax load. 

That is the best way that our government can 
improve our chances of keeping our jobs and of 
getting ahead. I suggest that you discuss these vital 
matters with your chosen representatives in Con- 
gress, in your state government, in your local 


community. 


President, McGraw-Hill Publishing Company, Inc. 
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USING A STETHOSCOPE to find a source of noise. 


always locate the exact source. 


This is an effective technique for many problems, although it does not 
View is taken in the sound booth in the engine laboratory, Armour Research Foundation. 


Analyzing Machine Noise 


Seven steps of a procedure for improving the acoustic performance of machinery. 


HOWARD C. HARDY 


Supervisor, Acoustics and Vibration Section 
Armour Research Foundation of Illinois Institute of Technology 


DEVELOPMENT of an acoustical lab- 
oratory and the training of an acous 
tical engineer can be justified only by 
substantial improvement in the prod- 
uct. To accomplish the results in an 
economic fashion, approximately this 
approach is recommended: 

_1. Find the sources of sound radia- 
tion, 

2. Determine which of these are the 
most important. Isolate this source 
trom the others, if possible. 

3. For this raul source, identify 
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the source of sound energy and try to 
reduce it. 

4. Find the coupling between the 
source of sound energy and the radiat- 
ing source and determine whether 
decoupling is possible. 

5. Try to increase the mechanical 
impedance of all the moving parts. 

6. Study the problem of radiation 
and how to diminish it. 

7. Incorporate the accomplishments 
into a new design and proceed to the 
next most important noise source. 


Separation of the problem into its 
various elements is recommended, 
rather than trying over-all treatments. 
In nearly every one of the analytical 
steps, an examination of the noise 
spectrum will give the most important 
clue to solving the problem. The 
spectrum analysis can be a sort of X- 
ray for finding out what is not directly 
apparent. Sound spectra for some 
typical devices are shown in Fig. 1. 
Steps in solution of noise problems are 
shown by examples that follow. 


FIND THE SOURCE OF SOUND 


By use of the stethoscope as shown 
in the lead picture, or more elaborate 
instruments, the general area from 
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which the sound comes usually can be 
easily determined. But this does not 
always identify the actual source of 
sound. A V-belt squeak provides an 
interesting example. 

The sound was found to come from 
a point near the entrance and emer- 
gence of the belt from a small pulley. 
The actual source of sound radiation, 
however, was still unknown. The 
spectrum was taken, and a resonant 
peak was found at a frequency cor- 
responding to the characteristic pitch 
of the sound. Nothing from the belt 
resonated at this frequency. One of 
the natural resonate frequencies of the 
pulley was near, but not exactly at, 
the resonant pitch. Moreover, the 
same squeak occurred with different 
pulleys having different natural fre- 
quencies. Eventually, the squeak fre- 
quency was found to correspond to 
the natural frequency of the air col- 
umn under the V-belt, between it and 
the pulley. The air column acted 
similarly to an organ pipe or whistle 
in amplifying the sound at one par- 
ticular part of the spectrum. Length- 
ening the air column reduced the 
pitch, shortening it raised the pitch. 
Once the radiating source was known, 
treatment followed as a matter of 
course. 

This illustrates the method of at- 
tack. The spectrum of the sound pro- 
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Fig. 1—Sound spectra of four mechanisms: projector, fan, refrigerator and adding machine. Energy source of the broad spec- 
trum of the motion picture projector is particularly difficult to identify because there are no peaks around any given frequency. 





vides the necessary information. The 
next step is to find something that 
changes the spectrum. This will 
usually lead to more important results 
than trying to find something that 
changes the loudness of the noise. 
The causes of loudness usually are 
not obvious, and are extremely difh- 
cult to measure. But whatever opera- 
tion changes the pitch of the sound 


should indicate the source. 
DETERMINE THE Most IMPORTANT 
SOURCE 
When more than one source of 


sound is present, which shall be stud- 
ied first? Analysis of the spectra and 
identification of the radiation sources 
will generally indicate the relative in- 
tensity. The most annoying source 
can be judged by listening. For in- 
stance, the refrigerator, whose spec- 
trum is shown in Fig. 1, has several 
characteristic frequencies. Although 
the highest points are not much differ- 
ent in intensity, the high frequencies 
are more annoying and should be 
attacked first. 

Suppose that these frequencies have 
been identified with the piping and 
panel vibration. The next step is to 
separate them so that each can be 
studied in turn. This can be done by 
removing the panels, which obviously 
leaves only the possibility of piping 
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noise. The piping noise can then be 
excited by shaking or tapping. 
SOURCE OF SOUND 
ENERGY 


IDENTIFY THE 

The spectrum is often the best clue 
to the source of sound energy. A cor- 
relation between the spectrum and the 
frequencies found by stroboscopic ex- 
amination will be important. Multi- 
ples of the driving frequencies, even 
submultiples, should be looked for. 
For instance, frequencies that are ex- 
act multiples of 60 cps can usually be 
attributed to hum for equipment using 
alternating current. 

When the spectrum is extremely 
broad, as for the motion picture pro- 
jector and the adding machine whose 
spectra are given in Fig. 1, there is 
usually no highly resonant radiating 
source. In these instances the source 
of sound is usually caused by multiple 
impact or rubbing surfaces. Then 
each moving source should be studied 
separately, insofar as possible, to find 
how much each contributes to the 
spectrum. 

This work becomes painstaking, 
but will produce results if carried out 
thoroughly. For instance, three sources 
of about equal intensity but different 
spectra are found in the average mo- 
tion picture projector. They are the 
fan, the motor, and the sprocket gear 
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Fig. 2—Analysis of the noise of a hypothetical gasoline engine. 
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The three main sources of noise, exhaust, intake, and mechanical, 


have much different spectra, although each has about the same total level. It is necessary to study each noise source separately. 


ain, Each must be studied separately. 

Another example that illustrates 
the necessity of identifying the differ- 
ent sound sources is given in Fig. 2. 
This analysis of a hypothetical gas- 
dine engine shows three main sources 
of noise: exhaust, intake, and mechan- 
ial, Each have different spectra, and 
must be studied separately. 


FIND BETWEEN 


RADIATION 


COUPLING 
AND 


THE 
SOURCE 

The coupling between the energy 
source and radiating source will 
wually be mechanical, although sound 
man enclosure may transmit the en- 
‘gy to the walls of a container, and 
in electrical machinery there may be 
magnetic coupling. There are so 
many different combinations, each of 
which is so different, that it is difficult 
0 draw general conclusions from a 
‘ingle case. Many of these problems 
an be aided by vibration isolation, 
which is a fundamental technique for 
Xoustic improvement. 

Most vibration isolators work on 
he principle of introducing something 
hat has low stiffness, such as a spring, 
‘ubber, or felt, between the applied 
force and the support. In all such 
‘Onstructions the total mass being 
Moved in combination with the stiff- 
ess of the isolator gives a resonant 
equency, (See Equation 7, “Sources 
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of Machine Noise,” Propuct ENGI- 
NEERING, Mar. 1948, p 87.) It 
should be remembered also that for 
such substances as rubber and felt, 
which have large mechanical hystere. 
sis, the dynamical stiffness may be 
higher than the static stiffness. [For 
elaboration see Eisenhour and Tyzzer, 
J. Franklin Institute, 214 No. 6, p 691 
(1932); also Tyzzer and Hardy, 
Journal of the Acoustical Society of 
America, Vol 19, No. 5, pp 872-878 
(Sept. 1947).] Therefore, when the 
frequencies in the energy spectrum are 
near those of the mounting, the trans- 
mitted effect will be worse than with 
no isolator at all. It is important, 
therefore, that these parameters be 
known. Measurements of the effect 
of isolating materials can be made 
with a vibration meter. 

As an example of an application 
of mechanical isolation, consider a 
problem of an air-conditioning system 
with a motor operating at 1,800 rpm, 
or 30 cps, and a fan being driven at 
600 rpm, or a 10 cps frequency. These 
frequencies are too low to be annoy- 
ing themselves, but the forces gener- 
ated by their harmonics may excite 
higher resonant frequencies in the 
wall or ceiling to which they are con- 
nected. 

Suppose that it is decided to pro- 
vide vibration isolation, but that all 


the standard vibration isolators under 
this loading give a resonant frequency 
between 10 and 20 cycles per second. 
The best solution then would be a 
spring suspension of about 4 cps reso- 
nant frequency. The next best solu- 
tion is to use a rubber isolator with 
about a 15 cps resonant frequency. 
This will amplify the vibration at 10 
cps, but will cut the high harmonic 
components that excite the wall. Un- 
der these conditions the increased 
amplitude at 10 cps will be apparent 
to the eye and can be felt if the unit 
is touched. However, this may not 
be objectionable. 

It is premised in the above discus- 
sion that the wall does not have a 
resonant frequency near 10 or 30 
cycles per second: in other words, 
that the mechanical impedance of the 
wall is much greater than that of the 
mounting. Often this is not true. 
Then the only solution is to specify 
a proper type of support such as 
stronger wall brackets, or even a new 
wall. It is surprising how often a 
flimsy wall is the cause of noise and 
vibration, rather than poor acoustic 


design of the product. 
INCREASE MECHANICAL IMPEDANCE 


As previously discussed in ‘Sources 
of Machine Noise,” Propuct ENGI- 
NEERING, March 1948, pp 87-91, in- 
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Fig. 3—Sound passes through small holes 
in the inner wall and is partly absorbed 
within the sound absorbent lining behind 
the wall. Partial enclosure decreases the 
radiation impedance. The combined treat- 
ment effectively reduces the apparent 
loudness. 


creasing mechanical impedance can be 
accomplished by changing frictional 
damping, mass, or stiffness. An ex- 
ample is the rubber-bladed fan. Here 
the damping is greatly increased, and 
the lower stiffness has changed the 
natural frequencies to very low values, 
the mass remaining about the same. 
Another example of effect of low 
mechanical impedance is the noisy 
punch press. Great variation in the 
sound output of various makes of 
punch presses has been noticed, even 
though the presses are being used on 
closely similar work. Invariably, the 
quieter presses have heavier anvils. 
Sometimes the presses are placed on 
floors that are too light, thereby giv- 
ing large amplitude to the whole 
building. Unfortunately, the trend 
in recent years has been to reduce the 
mass of punch-press castings, which 
leads to poor results acoustically. 


REDUCE 


The best ways of reducing sound 
radiation are the following: 

(a) Lower the frequency of the 
radiation. 

(b) Reduce the size of the radiat- 
ing surface. 

(c) Remove baffles so that 
sound becomes a dipole source. 

(d) Enclose the object. 

Method (a) only points out again 
the importance of lowering the fre- 


SOUND RADIATION 


the 
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‘vibration of the 


quency, which has other advantages, 
such as less annoyance, previously dis- 
cussed. Many examples of reduced 
sound radiation through lowering the 
frequency of rotating machinery are 
well known throughout industry. The 
automobile muffler also accomplishes 
part of its function by reducing the 
frequency of sound radiated. 

Possibilities of applying methods 
(b) and (c) will be apparent from 
a study of the particular product. The 
principles have already been discussed 
in some detail in “Sources of Ma- 
chine Noise,’ PRopucT ENGINEER- 
ING, March 1948, p 87, and some ex- 
amples are given there. Consider, 
in addition, the following example. 

A motor is completely enclosed 
within panels and tightly coupled 
mechanically to one of the panel walls. 
The hum of the motor is quite pro- 
nounced because it is amplified by 
anel. Reduction of 
the coupling is difficult because of 
the mechanical construction. Stiffen- 
ing the panel, which increases the 
mechanical impedance, helps some- 
what, but not enough elation is 
obtained. Then the particular panel 
is reduced in size and made stiffer by 
a different shape of enclosure. Con- 
siderable improvement results. Fi- 
nally, the desired reduction is ob- 
tained by putting holes and slots in 
the driven panel and the adjoining 
panels. This last step removes the 
baffle of the radiating source and es 
sentially changes it from a simple 
radiator to a dipole source. Dust is 
kept from the enclosure by a cambric 
covering over these holes. Thus, by 
a combination of treatments, a major 
reduction in sound radiation is made. 

Method (d) is a rather obvious, 
but usually a rather unsatisfactory 
way of reducing the sound, because 
it increases the size and weight and 
does not leave the parts readily ac- 
cessible. It should be used usually as 
a last resort. Before discussing en- 
closures, however, it is necessary to 


* * 


BECAUSI 


aistinguish between sound absorbing 
materials and those which reduce 
transmission of sound. 

The word “absorption” is applied 
to the properties of a material which 
cause it to reduce reflection of sound. 
In this sense, an open window gives 
100 percent absorption, although it 
has zero reduction in transmission. 
Most of the best sound absorbers 
make use of the friction of air flow 
around small fibers. Examples are 
felt, cane fiber, fiberglas, and rock 
wool. None of these are good for 
reduction of transmission at low fre. 
quencies unless ridiculously great 
thicknesses are used. The best reduc- 
tion of transmission at low frequen. 
cies is accomplished by either massive 
structures or multiple walls, both of 
which are awkward. 

The sound radiated from an object 
can be reduced in some cases by par- 
tial enclosures using sound absorbing 
material. An example of this is il- 
lustrated in Fig. 3, an open telephone 
booth. Partial enclosure reduces the 
radiating area, which decreases the 
radiation impedance; and the absorb- 
ing material absorbs some of the 
sound in the interior. 

A precaution is needed with all 
enclosures. Many disappointing cases 
have ha pened where more noise was 
Badai Gi an enclosure than with- 
out one. The causes of this have 
been (1) the enclosed chamber forms 
a resonate cavity, (2) the sides of 
the enclosure were coupled to the in- 
terior vibration, and (3) the radia 
tion was changed from a dipole to : 
simple radiator source. 


An Error on Noise 


Equation (1) in the article ‘Fus- 
damentals of Noise,” February 1948, 
p 131, should be corrected to read 


fat 
pc 
In the article, ¢ was erroneously print: 
ed as the exponent of p. 


SS 


* * 


OF WHITENESS, luster, and resistance to wear and corrosion, 


nickel has been used in worldwide coinage systems since the first pure 


nickel coins were struck in 1880. 


It has been estimated that 90,000,000 


lb of nickel have been used in pure and cupro-nickel coins. Nickel offers 
obstacles to counterfeiters and is most valuable for this property. 


X * 


% as 


THE FIRST MECHANICAL AIR PUMP is attributed to Otto von Guericke 


and was made in 1650. 


a piston water pump. The pump 


fitted with a plunger and two automatic leather valves. 


It was a common suction pump very similar to 


was a long narrow tube which was 
It was with a 


later design of this pump that Guericke exhausted the air from the 


“Magdeburg” hemispheres in his celebrated public demonstration. 


The 


hemispheres were placed together, evacuated and could not be separated 


by two teams of eight horses each. 


7 P 
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JOHN T. COLLIER 


Spraywire Laboratories, Inc. 





MASS PRODUCTION of electrical cir- 
cuits by metallizing, or spraying the 
wiring, is a recently developed means 
for the elimination of hand wiring in 
many applications. Instead of im- 
proving the method of installing con- 
ventional wiring, this process repiaces 
drawn wires with a different type of 
conductor, which lends itself to auto- 
matic mass production methods. These 
metallized circuits consist of strips of 
metal imbedded in grooves in a base 
dielectric material. 

Briefly, this is the process. A sten- 
cil, prepared in exact conformity with 
the basic wiring design to be pro- 
duced, is applied as a masking to a 
dielectric panel. Sandblasting the 
panel through the stencil forms 
grooves coinciding with the openings 
in the stencil. Still masked by the 
tencil, the panel is sprayed with 
metal, using standard metallizing tech 
niques. In this step metal is sprayed 
through the stencil openings into the 
hannels in the base material, forming 
the inlaid metal strips of the circuit. 

A special masking tape has been de- 
eloped for use as stencil material. 




























Fig. 1—An experimental radio panel being metallized. This is 
a laboratory operation: a heavy duty metallizing gun and 
pass 
the metal spray would be used for large scale production. 


Metallized Circurts 


New technique for mass production of electrical wiring—advantages and costs. 


the 
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panels through 


This tape is lightly adhesive on the 
side applied to panels, and has a hard 
outer surface, able to withstand sand- 
blasting and metallizing. Stencils 
made of this material can be die-cut 
in continuous strips, and are used only 
once. After use they can be collected 
for salvage of the metal deposited on 
their surfaces. When this type of 
stencil is used, it is advisable to allow 
a minimum separation of 1/16 inch 
between conductors. 

Favorable results have been ob- 
tained in the experimental use of 
metal stencils s with rubber coat- 
ings. These stencils are semiperma- 
nent. The rubber prevents metal de- 
posits from building up on the sten- 
cils, and sandblasting cleans off any 
metal that adheres to the rubber coat- 
ing. These stencils are used to best 
advantage in the production of small, 
complex panels. 

In many applications it is possible 
to eliminate the use of stencils and 
sandblasting by molding relatively 
deep grooves in a plastic base material, 
and metallizing the entire panel. Metal 
deposited on the panel outside of the 
grooves does not bond strongly with 
the smooth plastic surface and is easily 
stripped off, fracturing at the edges of 


Fig. 2—Left is a panel with stencil applied. Eyelets were 
inserted prior to application of the tape stencil. Center panel 
has been sandblasted. Right panel has been metallized, stencil is 
still in place. Above is bottom view of the completed amplifier. 


the grooves so as to leave the conduc- 
tors intact. If the grooves are suffi- 
ciently deep, little or no metal will be 
deposited on their vertical walls. 
When sandblasting is not used, the 
sprayed conductors do not effect as 
strong a bond with the base material. 
However, molded grooves are rough- 
ened insofar as possible, and adhesion 
of conductors to the base material can 
be improved mechanically by applying 
an over-all adhesive insulator to the 
completed panel. 

Metal eyelets, inserted in the panel 
prior to sandblasting, form terminals 
for the connection of component lead 
wires to the sprayed elements of the 
circuit. These eyelets are so positioned 
as to be metallized into permanent 
contact with the conductive strips 
when the latter are sprayed in. Eye- 
lets are also used as connections be- 
tween sprayed conductors on the op- 
posite sides of the same panel. Steps 
in the process are illustrated in Fig. 2 
by three stages in the wiring of a 
small amplifier. 

The technique of spraying is of 
particular importance in that it affects 
the porosity and therefore the re- 
sistance of the sprayed conductors. 
The method of spraying must be ad- 
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justed to the type of equipment used, 
the metal being sprayed, and the ma- 
terial being used for a panel. When 
the Metco 2E metallizing gun is used 
with copper, plastic panels are sprayed 
at a distance of six inches from the 
gun. This will provide for deposits of 
the proper porosity. Passes at the 
rate of one foot per se ond will insure 
that the plastic is not damaged by 
burning at this close range. Each pass 
deposits an average of 0.0035 in. of 
metal; two passes, or movement of the 
panel before two guns in sequence, 
will provide the thickness of 0.007 
in., which is suitable for most ap- 
plications. Sprayed copper has a hard- 
ness of F78 to F79, and its specific 
gravity is 7.535. The resistance of 
properly sprayed copper conductors 
will not exceed the resistance of cop 
per wire by more than ten percent. 

The practical minimum width for a 
conductor is 1/16 in., and a width 
of $ in. or more is preferable from 
the mechanical standpoint. Stencil 
openings of less than 1/16 in. retard 
the uniform deposit of sprayed metal 
in the channels of the base material. 
Above these minima, sprayed con- 
ductors can be made as wide as re- 
quired by the currents they are to 
carry. 

The width of conductors is ordinar- 
ily varied to match wire sizes. Cor- 


Fig. 3—The contrast between 


responding wire sizes are determined 
from a table showing the conversion 
of square inches to circular mils, and 
showing corresponding wire gage 
numbers. In laboratory tests of cur- 
rent carrying capacity, a sprayed cop 
per conductor 0.007 in. thick and 3 in. 
wide carried a current of 17 amperes 
for several hours. When the current 
was increased to 20 amperes, the con- 
ductor failed after five minutes. This 
conductor was therefore considered the 
equivalent of a No. 23 oe wire. 
Another sprayed copper conductor the 
same thickness, but half as wide, car- 
ried a current of eight amperes for 
several: hours. When the current was 
increased to 10 amperes this conductor 
failed after 10 minutes, hence it was 
determined to be the equivalent of a 
No. 27 copper wire. Identical results 
have been obtained in repetitions of 
these tests. 

Obviously there is a practical limit 
to the widths of sprayed conductors, 
and the thickness of 0.007 in. may 
not have adeqùate current carrying ca- 
pacity when that limit is reached. In 
such applications, thicker deposits of 
metal must be built up in deeper 
grooves in the base material. Deeper 
channels can be formed by extending 
the time of sandblasting, or by mold- 
ing them in plastic materials. 

The bonding between sprayed met- 





a sprayed circuit model radio, left, and a conventional receiver, right. 


als and suitable base materials is ex 
cellent, even under vibration and 
shock. Shake tests up to 10 G’s for 5¢ 
cycles failed to break or loosen any 
sprayed connections in a model radio} 
receiver. Sprayed metal bonds strongly 
with rough or porous surfaces. The 
sandblasting used with the process 
roughens base materials sufficiently t 
insure good adherence. With some 
materials, such as some plastics and 
glass, heating to a plastic state takes 
the place of sandblasting, providing a 
strong bond with the sprayed metal 

Conductors can be sprayed in cur 
ing patterns of any desired radius, Ex 
periments indicate that metallized cir 
cuits can be employed for high fre 
quencies in some applications, and that 
in certain cases the condenser and coi 
components can be sprayed simultan 
eously with the conductors. Distrib 
uted capacities are reduced because of 
the thin character of the surfaces of 
sprayed conductors, which are in close 
proximity. 

Forty-two alloys are available in 
wire form for use in metallizing 
equipment. Among these are all of 
the commonly used conductors, includ: 
ing those used for high resistance 
requirements. The wide variety of 
base materials that can embod; 
sprayed circuits includes plastics, 
wood, ceramics, glass, and other in- 
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Minnesota Mining & M19. "> 
All components on t Fr 


sprayed model have been mounted on the top of the chassis, and the metallized circuits are in the bottom, for easy maintenant 
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sulators. Plastic chassis can be molded 
to desired shapes. Flexible stencils 
make it possible to mask surfaces that 
are not flat and so to spray circuits 
into them. 

Because of the variety of its elec- 
trical requirements, radio has served 
as the laboratory proving ground of 
metallized circuits. The latest experi- 
mental 5-tube a-c, d-c sprayed circuit 
receiver, Fig. 3, compares favorably 
with conventional wes, now on the 
market. Sensitivity and selectivity 
meet RMA standards. Since stray 
capacities do not enter the circuits of 
this receiver, less shielding is required. 

Extensive information on compara- 
tive costs must be derived from wider 
production experience than is now 
available for study. However, the 
speed of producing panels irrespective 
of the intricacies of their wiring lay- 


outs, the elimination of extensive pre- 
paring and soldering of wires, and 
the replacement of a manual operation 
with an automatic process, all point to 
lowered costs through sprayed circuits. 
The use of better a cheaper ma- 
terials in panels, the reduction of re- 
jections for faulty wiring, the cutting 
of inspection time, and the simplifica- 
tion of the mounting of parts and 
soldering of leads on a flat plane will 
also figure in cost reductions. 

As an example of the speed with 
which panels can be spray-wired, it 
is possible to produce 4,500 units of 
simple design in four hours. These 
are exchange grids on flat 4x8 in. 
panels which require no eyelets. They 
contain about 60 in. of sprayed circuits, 
with 32 connections. The plastic is an 
inexpensive phenolic. Two heavy 
duty, Metco Type Y, metallizing guns 


are required, along with an efficient 
production set-up for handling. With 
such equipment, each circuit is sprayed 
in one pass. Unit cost is estimated 
at 0.21 cents. 

One of the important advantages 
offered is the speed and ease with 
which devices made by this means can 
be serviced. The elimination of layers 
of conventional wiring makes com- 
ponents easily accessible for repair or 
replacement, and circuits are less sub- 
ject to damage during servicing. The 
simplicity and clean appearance of 
these circuits can be a strong selling 
point for consumer goods products. 

Sprayed circuits offer the designer 
a means of effecting innovations in the 
form of the product, the possibility of 
greater compactness in some applica- 
tions, and the opportunity to incorpor- 
ate a wide range of new materials. 


Formulas for Spring Redesign 


A. BODENSCHATZ 


I.T.E. Circuit Breaker Company 


OCCASIONALLY SPRINGS must be re- 
designed for circuit breakers and other 
calibrated instruments—at the cost of 
considerable time and effort on the 
designer’s part. The problem usually 
ils to reduce spring stress without 
changing the spring rate, installed 
height and solid height. 

The following equations reduce the 
work required in solving this problem. 
The symbols used are defined as 
follows: 

S = Stress, lb/in.? 

K = Spring rate, lb/in. 
P = Load, lb 

F = Deflection, in. 


G = Modulus of elasticity, Ib/in.? 


tou 


de = Wire dia, in. 
N = Number of active coils in spring 
D = Mean dia of spring, in. 
H = Solid height, in. 
OD = Original outside dia of spring, in. 
OD, = New outside dia of spring, in. 
= Differential sign 
From any standard text on spring 
_ GD P ig 
rag ,H= de N,N = = 
If the effect of solid height is in- 
cluded, 
k Cao 
8H DS 


then the derivative of K with d and 
D as functions of K is 


Gd, f 5 3 
SIT (3,1 “3 D) 
‘tom the conditions of the problem 


dK 


D ` 
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K remains constant, so dK 0. 
or 


5 3 
a, 4% < dD=0 
5D 
and dD = 3d, f 


By adding the medium dia and wire 
dia differentials to the original out- 
side dia (refer. Fig 1) 


OD, = OD + a ji nh 


OD, = OD + (3 + 1) d dy (1) 


Eq (1) gives the new outside dia for 
any convenient change in wire dia. 
For checking stress, another equation 
is derived, from the standard equation 
&P D 

x dy 

the derivative of K 


Then with du 


Si 
(A) 
Original spring 





Original spring with 
increase in spring dia 


and D as functions of K is 


1g = 8P D (dD _ 3dde 
“rF k 
Substituting 
SDdde fo ap 
Jde 
5 3 
iS = 8 (4; - a) it 


4 
tan s(s) dd 


From this, the percent change in stress 
for a positive increase in d, is 

100 4 S 133.3 

rn S (2) 
Using Eqs (1) and (2), the designer 
can choose several wire diameters and 
then compute the outside diameter 
and stress for his redesigned spring all 
with the same spring rate as the or- 
iginal spring. 


or OD, 


mm 
D 
+ 
O 
v 
+ 
O 
O 


Original spring with increase 
in spring dia and wire dia 


Fig. 1—Spring cross-section through one turn. Increment increases in spring and wire 


diameter are shown in (B) and (C). 
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Designs and Operating Principles of 


Pumps showing application principles of diaphragms, and illustrating™t 
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Hills M£ Canna Co. tn Suction 


() A CHEMICAL METERING and proporti®ning pump, the cylinder. On discharge stroke, accurate valving permits escape 

Type K uses a principle of hydraulic displacement as a means fluid until proper amount remains in cylinder. At this point, val 
of stroke adjustment. A hydraulic cylinder is located between the closes and remaining fluid acts as a solid, driving the pu 
driving mechanism and the pump plunger. Length of the pump plunger. The pump plunger is returned to the same starting p% 
stroke is governed directly by the amount of fluid contained in the with each stroke regardless of the stroke length. 
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off ypical Pumps Used in Industry—III 


atingxethods for changing output in metering and proportioning liquids. 
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Lapp Insulator Co., Inc. 


aid |9 THE PULSAFEEDER is a combination piston-diaphragm No stuffing box is required around piston rod. Diaphragm, metal, 
t spet proportioning pump. The reciprocating piston, whose stroke plastic or rubber, acts as partition between chemical and hydraulic 
otrok ength is variable, displaces an accurate volume of hydraulic fluid. fluids and does not fail mechanically because it is always in hydrau- 
whae regulating handwheel moves cross head link connecting-point lic balance. Gear box is filled with oil and oil in compression 
crane Vary stroke. Only contact with chemicals is at the diaphragm. chamber submerges piston, cylinder and compensating valves. 
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pe | STOPPED WITH CRANK ARM and connecting rod hori- with a shear pin to protect single reduction speed reducer. “Fluid 
t val. zonal, stroke of the Adjust-O-Feeder can be varied to give Seal” Yoke permits use of an enclosing fluid around plunger and 
a esired metered flow. In this position, scale shows actual stroke stuffing gland. Seal protects plunger from scoring, corrosion and 
Pv pesth. Connecting rod pin is shifted in the slotted crank arm to chemical deposits. This single acting plunger pump has outside 


g EE : ne É À 
: ange crank radius and plunger stroke. Driving crank is fitted end packed stuffing boxes and accurate, interchangeable check valves. 
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HYDRAULIC CROSSHEAD BUFFERS installed on a catapult to decelerate catapult car at end of travel undergoing proof tests 


Design of Oritices 
For Hydraulic Shock Absorbers 


Application of design equations for the selection of five types of orifices used in hydraulic 
shock absorbers. The performance of each type is analyzed and presented in graphical form. 


JOSEPH BROWN be found, together with the variation EQUATIONS 
Analytical Engineer, Naval Aircraft Factory of cylinder pressure and piston velocity 
for all positions of the pistons. 
i ' Symbols and equations are restated: 

IN A PREVIOUS ARTICLE appearing in P 
the February number of PRODUCT SYMBOLS 
ENGINEERING on page 92, a number 
of equations, useful for the design of 
various orifice shapes, were derived. In 
this article, the applicaton of these , i r 
quations is taken up. In addition, the piston diameter, in. : 
egu S 1S taxen up. ai a piston dia. at start of travel, in. 
effects of friction and spring forces, ` = energy absorbed by fluid, ft lbs 
fluid viscosity, elasticity and dead f = acceleration, ft/sec? 
weight, which were neglected in the force on piston, lbs, — 2 
Jerivation of the orifice equations, are acceleration of gravity, 52.2 ft/sec? Type 3) W log. 
Geriver ce equations, are pressure, lbs/in.2 
taken into account. = piston travel from start, in. : 

The equations that were derived = full stroke of piston, in. | - ome 72). © ag Wee. 
apply to the five types of orifices = velocity of piston, ft/sec (0/2 3L3 
ka Fico 1. U ao ine ti = velocity of fluid, ft/sec 
shown in Fig. 1. Using the equations, = weight of body to be slowed, lbs ss 
the size of the orifice for each type can a density of fluid in cylinder, lbs/ft? A 


total orifice area, in.” 
piston area, in.? 

orifice discharge coefficient, 
diameter of cylinder, in. 
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Typel A-A 
Constant area orifice 
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c-c 
Tapered cylinder slot orifice 
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Tapered piston orifice 
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de de + DJD j 
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4 8 de — D 
T p v C? — A 
Type 5) W’ loc. — ee = 
r loge 0 34564 a 
> D a? 4 
— 34? loge a + 34a — > | 8 
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COMPARISON OF DIFFERENT TYPE 


ORIFICES 






To illustrate the application of the 
equations, `a typical shock absorber 
problem will be considered. The 
Various orifices sizes will be calculated 
and the performance of a shock ab- 
sorber equipped with each type of 
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Type 5 E-E 
Tapered piston slot orifice 


Fig. 1—Five types of orifices commonly used in hydraulic shock absorbers. 


orifice will be analyzed in terms of 
cylinder pressure and piston velocity 
versus piston stroke. 


PROBLEM 

A 1000 pound weight, traveling at 
the rate of 100 ft per sec is to be 
brought to rest in a distance of 3 ft. 
Space limitations require that the pis- 
ton diameter be approximately 6 in. 


TYPE 2 ORIFICE 

The problem is first worked out for 
this type orifice because the solution 
is simplest and also gives a clue as to 
the size of the other types of orifices. 


For constant deceleration v? = v. 
- 2 fs/12 
f = 1008/2 X 3 = 1667 ft/sec? 


62)? X 100 


From a 6), 2 = Wf/gA = 


J 


-1000 X 1667 = 183 
32 7 XAKO” Om 
From Eq (4) @ = (u 4 2fs, 12) X 


(y 243/288fP) 

a will be maximum when s = 0. 

Therefore amaz = y C*4%p,2/(288fW) 

If the hydraulic fluid used is a mix 
ture of 80% glycerine and 20% dis- 
tilled water, then y 76 lbs per cu 
ft. An average value of C may be 
taken as 1.2. 

76 X (1.2)? & (0.7854 X 
288 & 1667 * 1000 = 7.16 in2 


Then amar = 


At the end of the piston travel, 
a — 0, by substitution in Eq (4). 

The value of a at any other station 
may be obtained also by substitution 
in Eq (4). 


TypE 1 ORIFICE 

Assume that the orifice area is equal 
to the average of the end orifices 
areas of type 2. By using this value 
in Eq (3), it is seen that a slightly 
smaller orifice (a 3 in.) is needed 
to bring v down to a reasonable value. 
Substituting in Eq (3), we have: 


loge (79/7) = Y CA 345627 IV) 
log, (100 76 X 1.22? X (0.7854 X 6)?’ 
(3456 X 3? X 1000), 


from which it is possible to solve for 
values of v for corresponding values 
of s. By using Eq (2) also, the fol- 
lowing table has been prepared. 


| 
Py s 2 $5 9 18 27 36 
> | 100] 85.2; 70; 49| 24| 11.7| 5.75 
| 





a 10500! 8260| 5600 34.7 


| | | | 





om 604] 153 


TYPE 3 ORIFICE 

By observing the variation of the 
type 2 orifice, type 3 orifice may be 
proportioned similarly, except that a 
slightly larger orifice should be used 
in the beginning, because the average 
orifice used for type 2 is larger than 
the arithmetic mean of the end orifices. 
The total orifice areas therefore may 
be set to vary between 8 in.’ and } in., 
divided among three orifices. The 
piston diameter is 6 in., and the depth 
of slot is 3 in. 

The central angle subtended by each 
orifice will then vary between 60.4 
and 1.9 deg for which the correspond- 
ing chords will be 3.4 in. and 0.111 
in. This will give a value for $ = 
0.0915. By the use of eqs (6) and 
(2) the -following table is computed, 


Note that in Eq (6), 


t 
n 


depth of slot = % in. 

number of slots = 3 

Central angle subtended by slot, 
radians 

Xo — X 


s 


hud 


a 
| 
. 
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max width of slot 

width at given station 

s piston stroke from initial 
position 


Where x. 


18l 224 27| 


59/2.30)1.75| 1.34) 0 93| 0.6610 


[60.4155 2|44.4| 40 
d | | = as 
|8 0017 


30} 45 3115. 82| 11 at 
| re 
| 100|93.2)85.7} 


31/5 88/5. 30/3 97| 3.03) 2.09] 1.48|0.2 


78\64.6| 50.7) 24.9) 12.1 


1477] 1530]2000|2040]2570 2713| 1365| 645 
Í | | | | 


TYPE 4 ORIFICE 

For the tapered piston, it is possible 
to use the same initial orifice area as 
for type 3 orifice. However the end 
orifice is dictated more by piston clear- 
ance than anything else. Assuming 
a piston whose initial diameter is 
5.08 in. (giving an orifice area of 
8 in.*) and whose final diameter is 
5.938 in. and an inside diameter of 
6 in. for the cylinder & 0.01192 
where 


| 
22 27| 294 32| 36 


5.5115. 60415. 724/5.784]5.84315 938 


53.9] 42.21 24.5] 


5.08| 5.25 
100] 90.7] 78.5] 70.3 
81 6.29) 


1477 1970 


3.7 


2.59| 1.961.414] .55 


44 
3000) 3310 4080| 4370| 2840) 0 


TYPE 5 ORIFICE 

Here again the same end orifices 
areas as type 3 orifice are assumed, or 
an initial area of 8 in? and an end 
orifice area of $ in? Hence $ = 
0.215, where 


Using Eq (8) and Eq (2), the follow- 
ing table is computed: 


93.6 82.2 


1477 2250 | 3740 4800 


COMPARISON OF THE ORIFICES USED 


Performance curves for all five 
orifice types are shown in Figs. 2 & 3. 
The effect of orifice configuration on 
shock absorber performance is quite 
apparent. Except for the constant 
area orifice, the other orifices do not 
produce marked differences in shock 
absorber performance. The principal 
reason for pressure variations is that 
for the type 3 orifice, the piston area 
remains at its maximum value for the 
entire stroke, but in the other cases, 
part of the piston area has been cut 
away to provide orifice area. For a 
well proportioned orifice configura- 
tion, it is seldom necessary to use an 
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Fig. 3—Variation of piston speed versus stroke produced by five types of orifices 


expensive constant deceleration sys- 
tem. The high pressures produced by 
the constant orifice (type 1) restricts 
its use to small mechanisms, where 
high cylinder pressures will not over- 
stress a relatively thin cylinder wall. 


FRICTION AND SPRING 
FORCES 


In the foregoing discussion, 


EFFECT OF 


pa 
velocity is assumed to be affected only 


by orifice size. This is the ideal case 
assuming that friction is negligible. 
However, any or all of the following 
forces may exist: mechanical friction, 
restoring forces exerted by springs for 
returning the piston to zero position, 


packing friction, viscous friction 
mechanism weights when arranged it 
a vertical direction, and hydraulic fluid 
elasticity. Viscous friction and fluid 
elasticity will be taken up later. The 
method of including constant ane 
variable resistances will be considered 
here. A 
Kinetic energy to be dissipate: 
Wi?/2g 
Frictional 
packing) 
friction load 
Spring energy 


- fi. + 5) Kz ds/12 where 
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energy (mechanical an 


r 


Kıs/12 Where K: = 











se = precompression, in. 
Kz = spring constant, lbs/in. 
For a constant deceleration orifice 





(type 2), merely subtract the fric- 
ional energy from the kinetic energy 
ind solve for the necessary orifice 
area, a, in the equation below: 


W (v% — 0*)/2g — (so + 5) Kes/24 — 
Kıs/12 = y 2 V*A4s/(3456 ga*). 










For all other cases the procedure is 
3s follows. 
The energy equation ts 
y C Ads 


5 
3456ga? 
0 
K ds f: ao“ J Kads 
+ ‘7? T - i 12 


Differentiate the energy equation 
shown above. 


— Wv dv/g = K? A ds/ + (Ki + Koso) 











W (v2 — 0*)/2 
















45/12 + Kosds/12 where Kz; y c2/3456¢2 
Divide through by ds 
rifices _W: itp aiii 
—— g A RA 
K,+ Kes)/12 where Ky = K,+ Kos, 
leto= Vy 
W dy — K;A%y Ki + Kas 
Then = = —— ——[—— = —— 
ág ds a“ 12 






This equation is a linear, first order 
differential equation, the solution of 
which is: 
an rD 3 

ata eS Kile A -di 

P Ig 3J e / W a 
S Kag 1ds Wa 2g (Kı } Kos)d 12W 4 
c) 9) 







ls/ (Wa? í 








fom which it may be seen that for 
s=0,C = f, 





It may be noted that the value of 

S Kag 1/(Wa?) ds may be computed 
directly by multiplying the right side of Eqs 
9), (5), (6) and (7) by 2/W. 








In order to obtain an idea of the 
comparative effect of friction forces, 
their effect on piston speed will be 
considered. Using an orifice of type 
5, assume that there is constant mech- 
amical friction force of 250 pounds 
due to a coefficient of friction of 0.25. 
Also that there is a constant packing 







srifices. 






iction, 
red if 






> fluidi c. sng 
c fuid ‘ore of 960 pounds. This value is 
The determined by multiplying the highest 





pressure to be encountered by 0.2. 
There is also a spring retarding force 
which varies from 1000 pounds at the 
beginning of the stroke to 2000 pounds 
at the end of the stroke. Let the prob- 
lem be to determine the velocity of 
the piston at 18 in. or 50 percent of 
the stroke. 


By Eq (9) 
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Also 

Kı = Ki+ Kes. = 250 + 960 + 1000 = 

2210 

Substituting in Eq (9) and solving 
using step-by-step integration, v = 81 
fps compared to 82.2 fps calculated 
without including friction effects. In 
this case, the effect of friction is 
negligible; but it cannot be assumed 
that the difference will be negligible 
every time. Usually friction effect 
may be neglected in making the first 
approximation for orifice size. 


EFFECT OF VISCOSITY 


Friction losses due to fluid viscosity 
are small in shock absorber design. 
In the problem chosen as an example 
for this article, assume piston has 
traveled 2 in. The coefficient of 
viscosity, pu 0.00003 Ib sec/sq ft 
Assume an orifice of type 3 is used. 


F, = Ma y y = par Ao/ (ay 


where a circumferential area of the 


piston, 

3 X 10° X 6" X 2 X 0.7854 X 6 
144 X 0.75/12 a. 

F,, for a velocity of 100 fps, will then 

be approximately 4 lb, which is negli- 

gible compared to a hydraulic force 

averaging about 40,000 Ib. 


F, 


EFFECT OF FLUID ELASTICITY 


The average volume modulus of 
elasticity of water at an operating pres- 
sure of about 4000 psi is 330,000 psi. 
Also Ev = — V dp/dv where 


E, = volume modulus of elasticity, psi 





pressure, psi 
volume, cu ft 


i il 


? 

y 

If the maximum pressure developed 
using type 1 orifice, is 10,500 psi, 
(refer Fig. 2) and the volume of the 
fluid as 0.59 cu ft, then 


V = — 0.59 x 10,500/330,000 — 
0.0188 cu ft compression. This 
amounts to a linear displacement 
(using 4 ft dia) of 0.0957 ft. The 


work absorbed by this compression is 


1 X 0.0957 X 10,500 503 ft lb, 
which amounts to about 3% of the 
original kinetic energy. However 


when it is considered that the pressure 
is reduced to zero by the time the 
piston reaches the end of its travel, 
it may be seen that the energy of 
elasticity has been reduced consider- 
ably. 

However, for type 2 orifice where 
the pressure does not reach zero, but 
remains constant, it must be realized 
that the stored energy has not been 
dissipated, and this effect must be 
taken into account when proportion- 
ing the mechanism dimensions. How- 
ever, in the problem considered in 
this discussion, p is only 1830 psi; 
consequently the amount of stored 
energy is negligible. 

It will be noted that the foregoing 
discussion did not include such effects 
as initial impact or elasticity in the 
weight to be stopped. In most cases 
these phenomena can be disregarded. 
However, any study including impact 
and weight, elasticity can be under- 
taken by using the foregoing relation- 
ships as a basis. 


Aluminum and Magnesium Welding 


THERE HAS BEEN LITTLE industrial 
experience in the fabrication of light 
alloy structures by welding wrought 
sections thicker than one inch, accord- 
ing to a report prepared by research- 
ers of the Batelle Memorial Institute, 
working under contract with the Office 
of the Chief of Ordnance, Depart- 
ment of the Army. There has been 
shielded arc welding of hot-rolled 
magnesium plate on 1 in. material. 
Most magnesium alloys are pro- 
duced in two tempers: work-hardened 
and annealed. In areas adjacent to 
the weld, the structure produced by 
cold work recrystallizes from the effect 
of welding heat and the joint tends to 
have properties characteristic of the 
annealed condition. Since the com- 
positions of wrought magnesium al- 
loys usually preclude their improve- 
ment by heat-treatment, maximum 
joint efficiency is generally obtained 
when welding the annealed temper. 


Data is not available on heavy weld- 
ed sections of high strength aluminum 
alloys. But tests on light sections in- 
dicate that wich available processes and 
alloys, no improvement in joint effi- 
ciency is to be anticipated by increas- 
ing section thickness. 

Flash and pressure welding meth- 
ods are now in development stages for 
both aluminum and magnesium. Both 
methods offer the advantage that no 
extraneous filler material is required 
for the joint. Pressure welding has the 
added advantage that the bond is ob- 
tained without fusion. 

Mimeographed copies of the report 
(PB-78712, ‘Survey on Welding of 
Aluminum and Magnesium”), 298 
pages, cost $8. Orders addressed to 
the Office of Technical Services, De- 
partment of Commerce, Washington 
25, D. C. should be accompanied by 
check or money order payable to the 
Treasurer of the United States. 
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Fig. 1—Only 3,200 Ib of scrap remained after fabricating 32 tons of steel to make four of these truck frames for a 100 ton electric 


locomotive. 


Designing 








23” 
(A) Plote 4 in. thick 


SS S 


(D) Finished joint 
Z K | Ring 

Ce S a a 

(B) After welding 


YI $ 


ZZZ LiL La V 
_— i — 


AA § 
(C) After machining 
Fig. 3—Sequence of steps for maximum utilization of material 


for fabricating large pivot bearing from steel plate. Stainless 
steel welding rod is used for joining the hardened steel facing. 
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Such a high utilization of material is only possible by careful planning during the design stage. 


for Low Scrap 


BETTER UTILIZATION OF MATERIAL for fabricating parts 
from metal plates and shapes often is an effective way for 
the designer to reduce unit costs. But to avoid any increases 
in labor or overall cost, the planning must be done in the 
design stage. Some idea of the results of such planning 
by the designer for maximum use of purchased material 
is shown in Fig. 1. Each of the four trucks frames with 
equalizer bars weighs 13 tons; but the scrap is only 800 
lb. or about 3 percent. Properly approached, less scrap 
from purchased material usually results in use of both 
less raw material and lower labor costs. 

For best results, it is essential for the designer to have 
a reasonably clear and complete picture of the overall 
machine. A piece removed from one part to make an 
opening, may be used to make entirely unrelated parts 
in the machine. For instance, often brackets or braces 
can be applied without change from parts as burned; thus 
providing these parts with only the labor necessary to 
produce the larger unit. 

An example of what can be done by a brief study and 
redesign is shown in Fig. 2. A set of four curved beams 
as Originally laid out required a plate of the size shown 10 
Fig. 2 (A). Without weakening the beam in its critical 
section, the shape was changed to obtain better nesting, 
which reduced the size and cost of the plate. 

Even more important, burning time was considerably 
less since each cut produced two edges for considerable 
distance on the redesigned bar as shown in Fig. 2 (B). 
By cutting additional brackets from the larger pieces of 
scrap, the usable percentage of purchased plate was in- 
creased from 623 percent to 85 percent. Since such parts 
are burned by means of a guide track cut in a large board, 
no increase was necessary for either layout or board. 

Another example of designing for maximum economy 
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Fig. 2—Design change that saved material and labor. 


Brake hangers. Dr # — 


-f 


Bo/ster plate 


(A) Original layout used only 62} percent of steel plate (B) Redesign 


reduced size and cost of plate and uses 85 percent of the material. Two edges are burned at once for much of the cutting pass. 


To Reduce Cost 


of material is shown by the large pivot bearing in Fig. 3. 
Typical uses for such bearings are in positioning machines 
for welding, or as center plates between platform and 
truck on locomotives. Only one 4 in. plate is purchased 
and both pivot and bearing are fashioned from this plate 
with one ie cut, as shown in Fig. 3 (A). The plug is 
then welded to a 1 in. plate to form a backing, and a 
similar 1 in. filler plate is welded in the ring, as shown in 
Fig. 3 (B). Both plug and ring are completely machined 
as shown in Fig. 3 (C). To provide the bearing faces, 
hardened bands of SAE-1045 steel are welded with stain- 
less steel welding rod to both pieces of the center plate 
for locomotive use as shown in Fig. 3 (D). 

For the pivot bearing, a bronze ring is machined 
with the proper clearance between the surfaces and inserted 
in the gap, with a bronze plate in the bottom for with- 
standing the thrust. 

The method for manufacturing some designs will de- 
pend on the question of utilization of scrap. The bolster 
plate shown in Fig. 4 (A) can be made from two plates 
as shown in Fig. 4 (B) with complete usage of material, 
but with a certain amount of joint preparation, welding, 
and subsequent straightening. But if some use can be 
found for the parts marked X the bolster plate can be 
produced more economically from a single plate. 

Opportunities for reduction of scrap occur most fre- 
quently in the design of structures where weight is desir- 
able and where the material is purchased to size from 
the mill. 

With the lighter sheets used in cab structures, stand- 
ardization of parts across an entire line often offer poten- 
tial savings in both material and labor. 

For example, previously sand box filler openings in 
cab sides were cut out on the nibbler with a consequent 
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E. F. McCALEB 


Design Engineer, General Electric Company 





Fig. 4—Manufacturing economy often depends on finding use for 
scrap. (A) If X can be used, make bolster from single plate; 
otherwise fabrication from two plates, as in (B), is lower cost. 
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Fig. 6—Drawing of a frame with all scrap reserved. When prac- 
ticable, use combination template to reburn scrap to final shape 
while in original setup. 


loss of time in fitting the door. By standardizing the size 
of the opening on all models, the increased production 
justified a blanking die to make the opening. Use of the 
blanked out piece as the door, required very little fitting 
as shown in é 5. While the material saving was only 
a minor item, a better product at a lower overall cost 
was achieved. 

To be effective, it is imperative that such planning be 
done in the design stage. Drawings must be marked so 
all parts that are to be made from the saved scrap pieces 
can be identified. 

This is an advantage, even where the pieces cannot 
be applied in their original state without extra burning. 
For example, it is often possible to incorporate the re- 
burning of these pieces in the main burning template, thus 








Fig. 5—Lower overall cost obtained by blanking out standardized 
openings and using the blanked out parts for the doors. 


in Fig. 6, 


saving setup and extra handling. 

although it is more positive to actually detail the 
parts to be used on the burning drawing, 
the combined burning operation will not be overlooked. 


One method is shown 


as in Fig. 2 so 





Powder Metallurgy Applications and Techniques 


MAINTENANCE OF CLOSE TOLER- 
ANCES, shorter manufacturing time, 
less scrap waste and higher production 
rates are among the advantages of 
powder met tallurgy processes. 

These are aaa reached by an 
Office of Technical Services report 
prepared because of large demand for 
information from business and indus- 
try. The report, prepared by Ornan 
B. Smart, OTS inquiry section, is a 
general survey of the techniques and 
applications of powder metallurgy as 
they are now practiced by American 
industry. 

As a guide to those who contemplate 


manufacturing powder metal parts, 
certain advantages have been noted: 
Metals too tough and with melting 


points too high to be worked by con- 
ventional methods may be processed 
by powder metallurgy; powder metal 
products with extremely high surface 
finish can be produced without sec- 
ondary finishing; precision parts such 
as vee blocks, plug gages and mi- 
crometer frames hard enough to cut 
glass, are produced 75 percent com- 
plete by powder metallurgy and re- 
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quire only a final machining opera- 
tion; and the method eliminates many 
secondary operations and lends itself 
particularly to the production of built- 
in lubrication for moving parts. 

However, the method does have 
drawbacks. Initial outlay for equipment 
is large; close production control is 
essential, raw materials are expensive, 
parts produced by other methods are 
more easily machined, tool and die 
costs are high; since powder metals 
do not flow, the design and size of 
parts is limited; special problems arise 
in plating powder metal pe because 
their porosity permits absorption of 
liquids or salts in plating solutions, 
and workers in this field must be highly 
skilled. 

Practically all industrial metals can 
be used in powder form, the report 
states, and some of the important 
metal—columbium, tantalum, tung- 
sten, molybdenum—are reduced from 
ores in powdered form. Using powder 
metallurgy, duplex alloys can be pro- 
duced which retain the individual 
characteristics and properties of each 
constituent. Such combinations are 


particularly important in the electrical 
industry for making electric contacts, 
electrodes, er and copper: 
silver motor brushes, cemented car- 
bide cutting tools, and diamond im- 
pregnated cutting and grinding wheels. 
In quantity production, the auto- 
motive and aircraft industries lead in 
use of powdered metal products in 
the form of gears, cams, bearings, 
sleeves, bushings, rings and filters. 
The method can be used for fabri- 
cation of parts ranging from 0.001 0z 
to 95 Ib in weight and from 0.001 sq 
in. area to 20 in. diameter. Powder 
metal techniques are mainly used for 
making small to medium sized parts, 
since the larger the parts to be made, 
the greater the compacting pressure 
needed and the more complicated and 
expensive the tooling required. 
Orders for the 7 ror -81841; 
“Powder Metallurgy”), 47 pages, cost 
$1, and should be Sid to the 
Office of Technical Services, Depart- 
ment of Commerce, Washington 25, 
D. C., and should be accompanic: d by 
check or money order, payable to the 
Treasurer of the United States. 
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A Magnesium Alloy for High Temperature Application 


Foreign Abstract, condensed from “Mag- 
nesium-Cerium-Zirconium Alloys: Prop- 
erties at Elevated Temperatures,” by A. J. 
Murphy and R. J. M. Payne. Published in 
the Journal of the Institute of Metals 
(London), Vol. 73, Part 3, 1946. 

A SHORTCOMING of magnesium-alum- 
inum alloys has been the tendency to 
creep under small loads at elevated 
temperatures. In this respect magne- 
sium alloys are markedly inferior to 
the aluminum alloys such as D.T.D. 
133c and 287. The investigation de- 
scribed had as its object the establish- 
ment of a magnesium alloy having 
improved characteristics at elevated 
temperatures; and thus to make pos- 
sible further economy of weight in 
stressed light-alloy castings operating 
at high temperatures. 

Four alloys were prepared having 
the compositions given in Table I. 
Values given for cerium content in 
Table I and elsewhere in this paper 
represent the total content of rare- 
earth metals. No attempt was made to 
distinguish between cerium and other 
metals of the rare-earth groups. No 
evidence was found to suggest that the 
proportions of the different rare-earth 
metals would affect the results given. 

Alloy “B” was made to test whether 
the high oxidation rate of plain mag- 
nesium-cerium alloys when molten 
could be reduced effectively by the ad- 
dition of calcium. Alloys “C” and 
'D” were made to determine the effect 
of zirconium on the casting qualities 
and the mechanical properties of the 
Magnesium-cerium alloys. The alloys 
were prepared by a normal melting 
technique which involved the use of 
fluxes. None of the melts was super- 
heated to a temperature appreciably 
above that required for casting. The 
small porportion of calcium in alloy 
B” was found to be effective in re- 
ducing the tendency of the metal to 
oxidize during casting. 


CASTING TESTS 


Susceptibility to hot-cracking was 
checked by trial castings of shapes that 
had previously been proven to be a 
sensitive test for hot-shortness. Pre- 
minary tests showed that magnesium- 
cetum alloys with and without zir- 
‘onium were castable, at least in fairly 
simple form, Subsequent experience 
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Table I—Composition of Alloys Used for Exploratory Tests 


Composition, Pe rcent 


Alloy 
Cerium Zirconium 
\ 3 01 
B 3. 5* 
C 3.10 0.46 
D 1.8] 0.47 


* Nominal. 


Calcium Magnesium 
remainder 
0.125* remainder 


remainder 
remainder 


inmate 
Table I1l—Mechanical Properties of Magnesium-Cerium Alloys at Room 
Temperature 


(Sanp-cast D.T.D.-pATrERN TEST BARS) 


| 
Alloy Composition, Percent| 


Alloy | Melt 
No. 
Ce Zr Ca 
A 14} 3.01 i 
B | 15E 3. 5* i 0.1257 
C 20E 310 | 0.46 | 
D 21E 1.81 O47 1... 


* Nominal 


0.1 Percent 





Ultimate | 


Proof Stress, Tensile Elon- 
tons per Strength, gation, 
sq. in. tons per | Percent 
sq-in. | 
-i 
3.4 5.8 | l 
3 55 s% | 1 
5.33 8.5 3 
4.2 8.8 6.5 
| 





Table IH—Mechanical Properties of Magnesium-Cerium-Zirconium Alloys 
at 200 C 


Short-time tests. Sand-cast D.T.D. test bars 


Values quoted represent the mean of two individual tests. 


| 
Ultimate 


Alloy Composition, Percent Tensile Elongation, 
Alloy | Melt No. | Strength, Percent 
a — tons per | 
Ce Zr | sq in. | 
-—- ; es —— waa enuia 
E | 20E 3.10 0.46 8.7 13.0 
D 21E 1.81 0.47 7.9 19.5 





showed that the casting qualities of 
the alloys were good, even for com- 
plex designs. 

MECHANICAL PROPERTIES AT ROOM 
TEMPERATURE 


Sand-cast D.T.D. pattern test bars 
made from the four alloys were tested 
at room temperatures with the results 
given in Table II. Values given are 
the mean of not less than two tests. 
Mechanical properties of the plain 


magnesium-cerium alloys are poor. 
Grain refinement resulting from the 
addition of zirconium has consider- 
ably improved these values. 


SHORT-TIME TENSILE TESTS AT 200 C 


Results of short-time tensile tests at 
200 C on two magnesium-cerium-zir- 
conium alloys are given in Table III. 
Test samples were held at 200 C for 
4 hr before testing. 

As a basis for comparison, standard 
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Table IV—Mechanical Properties of Magnesium-Cerium Alloys after 
Heat-Treatment 


Sand-cast D.T.D. test bars heated 8 hr at 570 C and cooled in air. 
Tested at room temperature. 








| 0.1 Percent 


| Ultimate 
Melt |Alloy Composition, Percent| Proof Stress, | Tensile Elonga- 
Alloy | No. | | tonsper | Strength, tion, 
-——— —  — | sq in. tons per Percent 
| | > | Zr | Ca | sq in. 
= | E-o i | a ae ae 
A | ME SS eee gor 3.1 5.95 1.5 
B 15E 3.5* i 0.125* 3.6 6.6 1.5 
E 20E 3.10 DS E iris 4.8 8.4 4.0 
D 21E 1.81 S a 3.95 g.85 6.0 


* Nominal. 





magnesium-aluminum casting alloys 
tested under the same conditions give 
values for ultimate stress and elonga- 
tion of approximately 10 tons per sq 
in. and 10 percent respectively. 


EFFECT OF HEAT-TREATMENT ON 
MECHANICAL PROPERTIES 


Solution heat-treatment was con- 
ducted to determine whether the mech- 
anical properties of the four alloys 
could be improved. The results of this 
test are given in Table IV. 

Values in Tables II and IV reveal 
that heat-treatment has little effect 
other than to decrease proof stress. 
This is caused by structure breakdown. 

Changes in the Brinell hardness of 
the material were insignificant. Sub- 
sequent annealing of the solution 
treated and water-quenched material at 
various temperatures led to no remark- 
able results. In no instance were 
changes greater than ten units on the 
Brinell scale. 

A test made with a simple 3.5 per- 
cent cerium alloy showed that super- 
heating the melt to 900 C was without 
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Fig. 1—Materials: Elektron A8 (as cast) 
and magnesium +1.81 percent cerium 
Stress: 2 tons per sq inch. Temperature: 


200 ¢ 
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effect on the microstructure of the 
alloy or its mechanical properties. 


CREEP TESTS 


Using a simple creep test apparatus 
comparison tests were made between a 
magnesium-cerium alloy and Elektron 
A8 (D.T.D. 59A). A remarkable dif- 
ference in the behavior of the two ma- 
terials was at once apparent, as is seen 
in the extension-time curve shown in 
Fig. 1. Elektron A8 yielded continu- 
ously at a fast rate throughout the 
duration of the test, the magnesium- 
cerium alloy suffered no appreciable 
deformation after the first 50 hours. 
The curves given in this paper show 
the relationship between total strain 
and total time of exposure to the test 
temperature. This differs from the 
method often employed of plotting 
only the creep strain against time. The 
method of conducting these tests was 
such that no claims for a high degree 
of accuracy are made. Individual ob- 
servations of strain are believed to be 
correct to less than 0.03 percent, and 
the values for the creep rate to be cor- 
rect to about 2 x 10° in. per in. per 
hour. 

A further comparative test using the 
same two materials was then made 
with a stress increased to 4 tons per sq 
inch. This test was terminated by the 
failure of Elektron A8 after about 48 
hr at 200 C. Magnesium-cerium alloy 
remained unbroken, but showed an ex- 
tension of 3.9 percent, Fig. 2. 

Poor performance of Elektron A8 
caused this material to be discarded. 
Subsequent tests of comparative nature 
were made using an aluminum alloy, 
“R.R. 50,” of specification D.T.D. 
133c. Creep tests at stresses of 3 and 
4 tons per sq in. were made and the 
results are shown in Figs. 3 and 4. 

The composition and mechanical 
properties of the various alloys used 
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Fig. 2—Materials: Elektron A8 and mag- 
nesium +1.24 percent cerium +0.12 per- 
cent calcium. Stress: 3 tons per sq inch, 
Temperature: 200 C. 
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Fig. 3—Materials: Magnesium +2.67 per- 
cent cerium +0.4 percent zirconium and 
“R.R.50" aluminum alloy. Stress: 3 tons 
per sq inch. Temperature: 200 C. 
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Fig. 4—Materials: Magnesium +2.67 pet- 
cent cerium +0.4 percent zirconium and 
“R.R.50” aluminum alloy. Stress: 4 tons 
per sq inch. Temperature: 200 C. 


in the creep test referred to are given 
in Table V. 

In general no attempt was made to 
develop the maximum attainable hard- 
ness or to stabilize the material at test 
temperatures before commencing creep 
tests. Heat-treatment applied consider: 
ably affects the behavior of materials 
in a creep test. Therefore all the creep 
tests referred to above were checked 
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Table V—Composition and Mechanical Characteristics of Materials Used 
for Creep Tests (Sand-Cast D.T.D. Test Bars) 














1. ExpertmMeNntAL MaGnesium ALLoys 
Composition, Percent | 0.1 Ultimate 
Creep Percent Tensile Elonga- 
Test — Melt Proof Strength, tion, 

Reference No. Stress, tons per | Percent 
Ce Zr Ca \g Zn tons per sq in. on 2 in. 

sq in. 

| | | | 

E PN coin 8 | 24E | 

OM Pivcrd B08 1 s+. | 0.82" | 25E | D E si 

Figs. 3 and 4; 2.67 | 0.40 v i ves | SEE 5 | 7.6 1.5 

| | | i oe i ot D 

Figs. 11 | | | | | | 

EIR EE E a e r | 63E 6.1 10.7 6.0 
| | | | | | | 6.2 10.2 5.5 
Fig. 13.. | 2.58 | 0.71 «2.581 HS | Ea 92 | BS 
| | | | | 5.3 9 2 | 3.0 
Fig. 14.....] | 0.55 3.12 | | 69E 4.1 116 | 11.0 
| 13.5 | 13.0 
Fig. 14.....] 0.78 oh wae LAR 73E | 5.8 14 b> naa 
| | 61 14.0 9.0 
| | | | | 
* Nominal. 
2. STANDARD MAGNESIUM AND ÅLUMINUM ALLOYS 
| | i 
| 0.1 Percent Ultimate 
Creep Test Proof Stress, Tensile Elongation, 
Reference Alloy Melt No. tons per Strength, Percent 
sq in. tons per on 2 in. 
sq in. 

Figs. 1 and 2..... Flektron A8 SP 5.2 10.5 2.5 
7.9 percent 33E 10.7 23 
aluminum 

E T cn "REST WB. 197 Sgr 11.1 A 

SA chaser ua “R.R.50” WB. 197A a BS 1.757 

Ns Mk wade was “R.R.50” WB. 199 7.0 11.4 2.25 

SS RREN” WB. 264 | 7.1 12.2 2.0 

| 7.0 12.4 3.0 


* Value for proof stress lower than usually obtained. 


\ 


} Specification D.T.D. 133c requires a minimum elongation of 2 percent. 





Table VI—Mechanical Properties of a Magnesium-Cerium-Zirconium Alloy 


Composition: 


Cerium 2.57 percent, zirconium 0.49 percent, magnesium remainder. 


(Sand-cast D.T.D. test bars, tested at room temperature. 





| ' 
| 


Marks 0.1 Percent Stress, 
tons per sq in. 
| | 
63E ‘Al | 6.1 
6315/4 6 2 


U 


ltimate Stress, | Elongation, 

tons per sq in. | Percent 
0.7 | 6.0 
10.2 | 5.5 





by uninterrupted tests carried out on a 
special creep test machine and the re- 
sults confirmed the conclusions ex- 
Pressed in this paper. 


EFFECT OF GRAIN REFINEMENT 


Exploratory tests established that 
the new magnesium alloys had supe- 
tior properties to magnesium alloys 
in general use. However, only the 
alloys containing zirconium possessed 
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sufficiently good mechanical character- 
istics at ordinary temperatures to make 
the material practically useful. To de- 
velop these alloys further it was de- 
cided that the highest possible degree 
of grain refinement was required. It 
was appreciated that extreme grain re- 
finement might be prejudicial to good 
creep resistance. For this reason creep 
tests were carried out parallel with a 
test at ordinary temperatures. Fine 
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Fig. 5—Matetials: Magnesium +2.57 per- 
cent cerium +0.49 percent zirconium and 
“R.R.50" alloy (both stabilized at 200 C) 
for 68 hours. Stress: 3 tons per sq inch. 
Temperature: 200 C. 
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Fig. 6—Results of short-time tensile tests 
on a magnesium-cerium-zirconium alloy. 
Composition: Cerium, 2.99 percent, zirco- 
nium 0.65 percent, magnesium remainder. 


grained alloys showed improvement as 
indicated by Table VI and Fig. 5, 
showing creep test results. 

Marked improvement over the orig- 
inal alloys is shown, particularly in the 
high proof stress and valuable ductility. 
In Fig. 6 the results of short-time ten- 
sile tests are given. 


VARIATION OF MECHANICAL PROP- 
ERTIES WITH CERIUM CONTENT 


Test castings were made under care- 
fully controlled conditions. Each melt 
was cast at 750 C. The values for the 
mechanical characteristics obtained in 
tensile tests at ordinary temperatures 
are given in Fig. 7. It will be noted 
that cerium does not have a marked 
effect on the ultimate stress of the ma- 
terial, but the proof stress increases 
steadily as does the Brinell hardness. 
Elongation decreases sharply. A study 
of this figure leads to the conclusion 
that the best combination of properties 
is possessed by alloys containing be- 
tween 2.5 and 3.5 percent cerium. 

Detailed tests were conducted to 
study the effect of zirconium content 
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Fig. -Effect of cerium content on me- 
chanical properties of magnesium alloys. 
on response to heat-treatment. The 


previously discussed results were con- 
firmed. Little was gained by heat- 
treating the specimens, either = 


stress, ultimate stress or in hardness. 


CONCLUSIONS 


Magnesium-cerium alloys can be 
aa cast in sand molds. 

2. Mechanical properties of simple 
binary alloys at room temperature are 
poor. Results are apparently inc apable 
of improvement either by superheating 
the metal before pouring or by heat- 
treatment of the castings. 
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3. Refinement of a structure ob- 
tained by the addition of zirconium 
leads to considerable increases in proof 
stress, ultimate strength and ductility 
of the alloys. 

4. A good combination of proper- 
ties is obtained with an alloy having 
about 3 percent cerium and 0.6 percent 
zirconium. This alloy shows values for 
proof stress, ultimate stress, and 
elongation on the same level as those 
of magnesium-aluminum series now in 
general use. Such alloys cast well, giv- 
ing products of high order of sound- 
ness. The fine dispersed shrinkage met 
with in the magnesium-aluminum al- 
loys has not been encountered in 
magnesium-cerium-zirconium alloys of 
the above composition. 

5. Cast alloys containing cerium re- 
tain their strength well at elevated 
ee 

In creep tests carried out at 200 
Cc he magnesium-cerium alloys with 
and without zirconium show great ad- 
vantage when compared to the stand- 
ard magnesium-aluminum alloy, Elek- 
tron A8. 

7. Heat-treatment produces only 
minor modification to the mechanical 
properties of the magnesium- cerium- 
zirconium alloys. 

Nore: These tests were carried out 
by J. Stone & Co. Ltd., and assisted 
by Magnesium Elektron Ltd. 


Zinc Alloy for Die-Casting 


From “Die Casting Progress, Part II” 
by Dr. A. C. Street, Metallurgia, Decem- 
ber 1947, Vol. 37, No. 18, page 67. 
ZINC ALLOY DIE-CASTING uses could 
be easily found during the progress of 
a normal day in office, automobile, 
factory or home. It would be much 
more difficult to imagine a day in 
which such castings were not encoun- 
tered, 

After years of struggle against prej- 
udice, the stage has been reached where 
most of the major users of die-cast- 
ings are well aware of the properties 
of zinc alloys. They have much expe- 
rience in designing their products to 
take full advantage of this material. 
The reason for any lingering prejudice 
is found in the early history of die- 
casting. When pressure die-casting 
began, low melting point and fluidity 
were the properties that determined 
which alloy was to be used. Lead and 
tin base alloys were chiefly used. Zinc 
alloys were developed subsequently to 
provide extra strength and, as they 


have melting points below 400 C, the 
pressure casting equipment of 25 years 
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ago was able to cope with the mate- 
rial. At that time, however, the se- 
rious consequences of relatively small 
amounts of certain impurities were not 
appreciated, and there was still a tend- 
ency to add tin or lead to any alloy that 
required more fluidity when molten. 
Until about 1924, a zinc alloy con- 
taining tin and copper was widely 


used. It die-cast well and had a ten- 
sile strength of over 10 tons per 
square inch. At about that time, a 


new zinc alloy was developed con- 
taining 4 percent aluminum and 3 per- 
cent copper. This had still greater 
strength than the older zinc alloys 
and it replaced them. 

Die-castings in this new alloy were 
used for many purposes but the alloy 
was not free from defects of em- 
brittlement, cracking and even of dis- 
integration. It was proved, during 
the early 1920's, that the addition of 
a trace of magnesium reduced the 
inter-crystalline corrosion, which was 
the major defect. Then it was shown 
that zinc alloys were unreliable be- 
cause of the presence of small amounts 
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of tin, lead and cadmium. 


By the early 1930's, British die- 
casters were using “four nines zinc” 
which was then commercially avail- 
able. Based on zinc of this purity, 
an alloy with 4.1 percent magnesium 
was widely used. It did not disinte- 
grate in service but its properties were 
still not completely satisfactory. On 
aging, its tensile strength and elonga- 
tion were retained but its impact 
strength fell gradually; also, castings 
were subject to dimensional change. 

Two copper-aluminum-magnesium- 
zinc alloys became available before 
the war, and in 1939 it was realized 
that one of these was superior for pre- 
cision castings and stressed compo- 
nents. Because copper was virtually 
absent in this alloy, it was stable with 
respect to retention of mechanical 
properties and dimensions. Slight re- 
duction of tensile strength and in- 
crease in percentage elongation were 
the most significant results of aging. 
This alloy also had good resistance 
to corrosion. 

By 1938, the range of application 
of — die-castings was increased 
and various test specimens of am- 
munition components were die-cast 
and supplied for tests at the Royal 
Ordnance Factories. The castings were 
submitted to rough useage and filling 
tests; followed by full scale firing 
tests. These tests proved satisfactory 
and contracts were let for grenade 
fuse parts made by this process, When 
war was declared, designs for die- 
casting several ammunition compo- 
nents in zinc alloy had been approved 
and tested. 

Early in 1941, the first British 
Standard Specifications for zinc die- 
casting alloys were issued. As shown 
in Tables I and II, these specifications 
covered compositions of two alloys 
and the die-castings produced from 
them. These specifications clearly 
show how undesirable elements, es- 
pecially tin and cadmium, enter alloys 
during die-casting. 

During the war, it was necessary 
to specify an alloy with lower stand- 
ards or purity. This alloy was such 
that re-melted clean castings could 
be used as the ingot metal. It 
thought this alloy would disappear 
after the war, but present short sup- 
plies have made necessary its contin- 
ued use, especially for tags and other 
lightly stressed parts. 

It is likely that most British 
casters will keep their eaii to 
alloy B.S. 1004/A until a better alloy 
becomes available. However, there 
is a steady demand for B.S. 1004/B 


was 
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Table 


I — Chemical 
Of Alloy Ingot Metal 


Composition 


Element | B.S. 1004/A | B.S. 1004/B 


Percentage 
3.9 —4.3 3.9 -4 


| Percentage 
3 3 
0.75-1.25 


\luminum 


Copper | 0 -0.03 

Magnesium 0.03-0.06 0.03-0.06 
Iron...........10 -0.07510 -0.075 
bead... . «ise 0 -0.003 | 0 0.003 
Cadmium... . 0 0.003 | 0 0.003 
Tin Laa -0.001 | 0 0.001 
Zine..... Remainder | Remainder 





because of its greater hardness and 
strength; in Switzerland, production 
appears to be concentrated on the lat- 
ter alloy. British uses for B.S. 1004/B 
include toys and special gears. 

Zinc alloy die-castings are not in- 
tended for continuous service at ele- 
vated temperatures. For a stressed 
component in alloy A, the tempera- 
ture should not exceed 100 C. Alloy 
B castings should not be used at tem- 
peratures above normal since they are 
liable to slight reduction in impact 
strength on aging and that process is 
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Table 1I—Composition of Die-Cast- 
ings In Zinc Base Alloys 
B.S. 1004/A 


Element B.S. 1004/B 


Percentage | Percentage 


Aluminum 3.9 -4.3 3.9 -4.3 

Copper 10 -0.10 | 0.75-1.25 
Magnesium....| 0.03-0.06 0.03-0 06 
Iron..... ae 010 | 0 0.10 
Lead. ... “one 0.005 | O 0 005 
Cadmium......| 0 0.005 | O 0.005 
Te.. 2 8% 0 0.002 0 -0 002 
Zinc Remainder | Remainder 





accelerated by heating. 

Information is less exact concern- 
ing the effect of lowered temperatures. 
Reduction in temperature causes 
no marked deterioration in tensile 
strength, but impact strength is low- 
ered. It must be appreciated that even 
at — 40 C the impact strength of 
zinc alloy is still greater than that of 
ordinary cast iron, and is comparable 
with that of cast aluminum alloys at 
ordinary temperatures. On restora- 
tion of normal temperatures, the im- 
pact strength returns to normal. 


Thermosetting Laminates 


From "Evaluation of Thermoset Laminated 
Sheet Products,” by Dr. F. L. Minnear, 
Shellmar Products Corp., presented at the 
annual meeting of the Low Pressure Indus- 
tries Division, Society of the Plastics In- 
dustry, January 16, 1948. 
THERMOSETTING LAMINATES consist 
essentially of two types of products: 
(1) High pressure laminates—these 
are the older, conventional products; 
and (2) contact pressure laminates. 

The chemical nature of these two 
products is quite different. High pres- 
sure laminates are usually made with 
phenolic resins. The binder for phe- 
nolic laminates is the “condensation 
product” from the reaction of phenol 
and formaldehyde. To obtain the best 
characteristics in the completely cured 
resin and to avoid escape of gaseous 
products of the condensation reaction, 
great pressure is required during the 
molding operation. The reaction is 
irreversible. 

The binder for contact pressure 
laminates is frequently termed a “poly- 
ester resin.” Specifically, it is a cop- 
olymer of a vinyl compound, such as 
styrene, with an unsaturated alkyd 
made from a glycol and dibasic acids, 
In the presence of a peroxide catalyst, 
active copolymerization takes place on 
heating to form the thermoset resin. 
The reaction is exothermic, but there 
are no gaseous byproducts created; 
therefore, no pressure is required to 
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obtain the best characteristics of the 
cured resin. This reaction, too, is 
irreversible. 

A notable recent development in 
high presure laminates is the use of 
melamine-formaldehyde treated paper 
on the top of laminates to obtain 
greater surface hardness, higher heat 
resistance, reduced electrical tracking, 
and light-fast pastel colors for deco- 
rative use. Also, all-melamine lami- 
nates are now being made. 

During the war resins and paper 
were developed for molding under 
reduced pressures, in order to utilize 
wood veneering processes. Thus, low- 
pressure phenolic laminates were de- 
veloped. Molding pressures from 
about 50 to 400 psi were used. The 
product usually simulates the high- 
pressure laminates, but its electrical 
properties, water resistance and other 
properties, excepting strength, are con- 
sidered somewhat inferior. Phenolic 
treated paper has been molded directly 
to surface wood, and even thin layers 
of wood have been impregnated and 
used as the surface. Other new rein- 
forcing fillers, such as glass cloth and 
fiber have been used. 

Phenolic resins cure to a dark brown 
color so that only dark colored lami- 
nates, such as browns and blacks, are 
possible. However, surfacing sheets 
of melamine treated filler are applied, 
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to make colored decorative laminates. 
However, the product cannot be made 
transparent, although an all-melamine 
laminate can be made translucent. 

One of the problems in this indus- 
try has always been to make perfectly 
flat sheets, without warping. In mak- 
ing melamine-surfaced phenolic lami- 
nates this problem is more aggravated. 

Melamine resin laminates are rela- 
tively high in cost. It costs nearly as 
much to make a 1/32 in. thick mela- 
mine-surfaced phenolic laminate as it 
does to make a 1/16 in. laminate, be- 
cause the saving in thickness is ob- 
tained by using fewer of the less 
expensive phenolic treated layers. For 
the thinner laminates, therefore, the 
melamine surfaced phenolic laminates 
have a high raw material cost in addi- 
tion to their high labor cost, compared 
with contact pressure laminates. 

Phenolic laminates, as well as those 
containing melamine resin, are hard 
and rigid, and can be made in almost 
any thickness. 

Contact pressure laminates are made 
by a continuous process. The greatest 
disadvantage of the continuous con- 
tact pressure laminating process is that 
short runs are uneconomical. The 
nature of the process makes it virtually 
impossible to “cross laminate” the 
treated fillers, but this is overcome, 
when necessary, by obtaining fillers 
which are of approximately equal 
strength in both directions. 

Polyester resins cure to a trans- 
parent, almost colorless solid; there is 
no difficulty in obtaining any color or 
shade. Any design that can be printed 
is possible. A high degree of trans- 
lucency is obtainable. When opacity 
is desired, opaque pigments are in- 
corporated in the fillers or in the resin. 
Because the laminate is cured without 
pressure and strains are not set up, 
there is practically no warping of the 
laminate. 

Although polyester resin laminates 
can be made over one inch in thick- 
ness, the continuous process as now 
performed does not lend itself to mak- 
ing thicknesses greater than about 0.1 
in. The principal reasons for this 
limitation are: (1) Slow speed of 
curing—the exothermic heat generated 
during the polymerization reaction is 
dissipated much more rapidly in the 
thinner sheets; and (2) weight of the 
webs in thicknesses over $ in. may 
cause sagging of the laminate during 
the curing operation, resulting in a 
“bowed” sheet. However, thicknesses 
of 1/16 in. down to 0.005 in. are 
ideal for the continuous contact pres- 
sure laminating process. 
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PRINTED CIRCUIT TECHNIQUES produced the Centralab miniature audio-amplifier held 


in the hand above. 


Three other units made by photosensitive printing processes. 


Industry Evaluates Printed Circuits 


Circuit conductors can be printed by a number of methods and have proved 
valuable in making compact electronic units with very small auxiliaries. 


PRINTED ELECTRONIC CIR- 
CUITS are no longer in the experi- 
mental stage. Introduced into mass 
production early in 1945, in the radio 
proximity fuze developed by the Na- 
tional Bureau of Standards, printed 
circuits are now the subject of intense 
interest of manufacturers and research 
laboratories. The first large scale pro- 
duction was done by the Centralab 
Div. of Globe-Union, Inc., (see PROD- 
UCT ENGINEERING, July 1946, p. 134) 
and they have continued with research 
into methods and applications. 
Now actively being developed by 
various laboratories are printed cir- 
cuits for electronic controls using gas- 
filled tubes, electronic units for hear- 
ing aids, I. F. strips for radar and 
UHF equipment, subminiature port- 
able radio transceivers, and electronic 
circuits for business machines, switch- 
ing and recording equipment. Other 


applications includes antennas, inter- 
stage coupling units, microwave com- 
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ponents, shields and the printing of 
graphs with conducting lines over 
which contacting arms move to select 
answers to functions of one or more 
independent variables. 

Standard electronic components are 
now available in such miniature size 
that complete amplifiers can be built 
into volumes of less than 1 cu in. By 
providing thinner base materials, or 
by applying the wiring to an insu 
lated outer or inner surface already 
present in the assembly, such as the 
tube envelopes or parts of plastic cab- 
inets, significant reduction in wiring 
volume can be achieved. Develop- 
ment of truly diminutive electronic 
devices now awaits only the availa- 
bility of smaller microphones, trans- 
formers, speakers, batteries and tubes. 

There are six main classifications 
into which techniques for printing cir- 
cuits fall: Painting, spraying, chemical 
deposition, vacuum processes, die- 
stamping and dusting. Some of the 
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processes are new, some have been used 
for years and others have not been 
applied to production but point the 
way to new techniques. The processes 
differ mainly in the manner in which 
the conductors are produced. Resistors 
and capacitors are applied by methods 
that in general may be used inter- 
changeably with any of the processes, 
In this country, considerable interest 
is being displayed in the painting, 
spraying and die-stamping methods. 
Since all these processes reproduce a 
circuit on a surface, they are classed 
generally as printed circuits. 

The practice is only adaptable to 
conductors, resistors, capacitors, in- 
ductors, shields, and antennas. By 
printing the circuit on a base plate of 
high dielectric constant, capacitors, 
wiring and inductors can be printed 
in a single operation. Complete cir- 
cuits can be printed on cylinders as 
well as flat surfaces. 

The most practical way to increase 
the conductance of printed elements 
is to electroplate over the initial print- 
ing. A good rule is to print a thin 
layer of the order of 0.0005 in. or less 
and to electroplate on top of this. 
Copper plating on silver is practical 
for increasing the conductance, using 
an ordinary acid-copper sulphate bath. 
Best results are obtained if the initial 
layer is plated at low current density; 
about a deposition rate of 0.0005 in. 
per hour for the first ten minutes. A 
procedure followed in increasing the 
thickness of the coating is first to plate 
the initial silver layer with copper and 
then add a final silver coating over 
the copper. This facilitates soft 
soldering direct to the leads. Dip- 
soldering techniques can also be used. 

Other metals can be plated directly 
on the silver if desired. Good results 
are obtained by dipping the printed 
plate into a dilute sulphuric acid bath 
and rinsing with water before plating. 
Materials in the plating bath should be 
selected so as not to attack the base 
material or paint constituents. 

Protection against abrasion, humidity 
and other effects is obtained by apply- 
ing special resin coatings over the re- 
sistors. Baking the coating produces 
a scratch-proof as well as humidity- 
proof envelope. It also renders the re- 
sistors more stable against the effects 
of temperature cycling. 

A two-stage amplifier has been 
painted on the envelope of a minia- 
ture 6J6 tube. This is a complete 
unit requiring only plugging into 4 
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power supply to operate. Lead wires 
from the circuit to the tube prongs 
are painted on with a brush. 

In designing a printed circuit, when 
it is impossible to avoid lead wire 
crossovers, they can be separated by 
a thin insulating lacquer coating. l 

Replacement of defective printed 
subassemblies in an installation intro- 
duces new possibilities in manufac- 
ture and maintenance. Principal units 
of the set can be made as plug-in sub 
assemblies and can be removed, 
tested and replaced in the same man- 
ner as tubes. Some of the subassem- 
blies already made have been encased 
in a special casting resin (PRODUCT 
ENGINEERING, page 159, August 
1947) to protect them against manual 
and atmospheric abuse. 

A novel application of the printed 
circuit principle has been in its use 
as electromechanical strain gages. 
These may be made by applying a 
layer of resistance paint to the sur- 
face under study and measuring the 
change in resistance as the member 
is stressed, 

The same technique was used in 
the manufacture of a lightweight 
phonograph pick-up. It consists of a 
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flexible cantilever beam 4 in. long 
and approximately 0.06 in. square 
made of polystyrene. The needle is 
permanently attached to one end. The 
other end is anchored to the tone arm 
A thin resistance layer is painted on 
the side of the beam. It runs out to 
the free end of the beam on the top 
half of the side and returns on the 
bottom half in horizontal U-shape 
manner. Lateral displacement of the 
needle as it rides over the record, 
flexes the beam and produces a pro- 
portional variation in resistance of the 
layer. A voltage change proportional 
to the variation in the i 
fed to the amplifier. 

This unit was particularly interest- 
ing in that pick-up was free of hiss 
or background noise. 

The status of patents on printed 
circuit techniques is one that cannot 
be stated in explicit terms. Many 
of the techniques are adaptations of 
processes patented long ago. Much 
of the technical information is classed 
as standard know!edge of the art and 
is unpatentable. Patents have been 
applied for by industrial organizations 
and by the government but the pres- 
ent back-log of work in the patent 
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office (page 163, this issue) prohibits 
an early decision on patent applica- 
tions. 

It is thought that most of the pat- 
ents in process relate principally to 
specific and perhaps limited processes 
and applications. Patents applied for 
by the government may ultimately be 
made available to industry on a non 
exclusive basis without charge. Con 
cerns planning to use printed circuits 
commercially are advised to check the 
patent situation in the same manner 
as would be employed in adapting 
any new manufacturing process. 

The principal item requiring further 
attention to achieve over-all perfec 
tion in printing circuits is the develop 
ment of improved methods of print 
ing Although much is 
known about printing resistors, and 
values have been printed in large scale 
production covering almost the entire 
range needed in modern electronic 
manufacturing, much remains to be 
learned about resistor manufacture be- 
fore all of the extensive requirements 
imposed on them by their use in mod- 
ern electronic sets can be met satisfac- 
torily. Even here the present status is 
good. Mass production lines have been 


resistors. 


PRINTED CIRCUITS are used to reduce size in all types of portable equipment: (upper left) American Medical Instrument & Supply Corp. 
“ectronic stethoscope, (upper right) signal tracer, (lower left) Allen-Howe Electronics Corp. hearing aid and (lower right) transceiver. 
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PRINTED ELECTRONIC CIRCUITS are constantly being refined. Illustrative of progress being 


made is Centralab’s 1948 hearing air, 


left compared with the much larger 1947 


model. 
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set up and are producing printed cir. 
cuits in their entirety at the rate of 
thousands per day. 

A manufacturer does not, however, 
need to set up his plant to produce sets 
that are printed in every electronic de. 
tail to take advantage of printed cir- 
cuits. Some have introduced the novel 
process by printing only a subassembly 
or an interstage network of a complex 
set. Some have printed only the con- 
ductors, and have used standard re- 
sistors and capacitors for the remainder 
of the circuit. In this case, the meth- 
ods usually employed to date have been 
painting, spraying and cold die-stamp- 
ing. Hundreds of thousands of elec- 
tronic sets of all types have been pro- 
duced in this country and abroad util- 
izing these techniques in one or more 
subassemblies. Printing circuit con- 
ductors and using standard resistors 
and capacitors has proven an attractive 
way of adopting printed circuit prac- 
tice with a minimum of changeover 


uality Control is Concern of Product Designer 
3 g 


Two Day Statistical Methods Course Offered as Practical Guide to Parts Buyers 


RECOGNIZING A VITAL but much mis- 
understood branch of engineering, a 
free two-day course on controlling 
quality of manufactured parts, to be 
repeated weekly, will be inaugurated 
by the Hunter Pressed Steel Company, 
Lansdale, Pa., on April 6. Because 
modern statistical methods for con- 
trolling the quality of manufactured 
parts, and inspecting purchased parts, 
hold such far-reaching benefits for 
component-buying industries yet are 
so little understood and practiced— 
the course has been planned for in- 
spectors as well purchasing agents 
and product designers. 

The course will take two full days 
(Tuesday and Wednesday of each 
week), involve seven lectures by spe- 
the field, one forum-type 
a complete plant tour to 
demonstrate Hunter’s own quality con- 
trol methods, and a full afternoon of 
actual testing and calculating practice 
in using the principles learned. The 
course will be given in Lansdale, and 
the only expenses involved will be 
living and traveling costs. 

Although Hunter manufactures 
springs, and springs will be used as 
the sample products throughout the 
course, the methods and interpreta 
tions taught will have application in 
all industries Philip C. Clarke, who 
is in charge of the course, is an active 


cialists in 
discussion, 
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proponent of the industrial — 


tion of statistical methods, and has 
been pioneering in the field since 
1932. 

An interesting part of the course 
will be actual work with several new 
testing machines and instruments 
which have just recently been devel- 
oped for the exact measurement of 
important characteristics of the no- 
toriously hard-to-measure coil springs. 
It is expected that such instruments 
soon will come into widespread use. 

Management men who are involved 
in purchasing or inspection functions 
are invited to correspond with Hunter 
regarding particulars of the course 
and the possible assignment of men 
to take it. Ten men can be enrolled 
at a time, and it is urged that all 
men from a given company come in 
a group. The topic is considered of 
sufficient significance that the course 
will be continued until all qualified 
enrollees will have been processed 
even if it takes five years. 

Topics to be covered will include: 
Use of the frequency-distribution 
curve and the correlation chart in in- 
spection for analysis of production 
troubles; production control charts; 
out-going sampling techniques; qual- 
ity reports; types of defects; causes 
and uaa sampling; 100 per- 
cent testing; load-testing of springs; 


pressureless measurement of flexible 
parts; gaging; supplier reports; lot- 
to-lot variation; non-normal distribu- 
tion; spring specifications and their 
interpretation; electronic instrumenta- 
tion; standard forms and reporting 
techniques; demonstrations of ali 
types of commercial load-testing ap- 
paratus for flexible parts; and the 
use of the standard f-d curve. 


Here is the agenda of the course: 


Tuesday am 
8:30-9:00, preliminaries 
9:00-12:00, plant tour 


Tuesday pm 
1:00-5:00, “Spring 
demonstrations 
7:00-8:30, ‘Inspection Technique’, 
lecture 
8:30-9:30, 


Wednesday am 
8:00-9:00, 
lecture 
9:00-10:00 “Sampling and Repott: 

ing”, lecture : 
10:00-11:00, “Load Testing o0! 
Springs”, lecture and demonstra- 
tion 
11:00-12:00, “The New 17-P 
Tester’, demonstration 


Inspec tion”, 


forum and discussion 


“Spring Spec ification”, 


Wednesday pm 
1:00-4:30, ” 
ratory. 


Test ing Practice 
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Washington Notes 


i Second Session 80th Congress 
To Decide Major Legislation 





The first session of the 80th Con- 
gress left many controversial bills on 
the calendar when it adjourned. Bills 
with extreme national and interna- 
tional significance demanded atten- 
tion and caused delay on other 
sheduled legislation. Many of the 
resolutions and acts now under con- 
sideration will also require policy de- 
cisions at high levels. 


SYNTHETIC RUBBER. Congress is 
working out the last details of a 
permanent peacetime synthetic rubber 
program. The provisions of the 
Shafer bill, product of the Republican 
House Armed Services Committee, 
seemed most likely to prevail—al- 
though a counter-bill sponsored by 
Republican Senator John Bricker, of 
Ohio, may carry some of its points. 

In general, the Shafer bill, which is 
backed by the Administration, smaller 
tubber manufacturers, and big users 
of rubber products but violently op- 
posed by at least one large producer, 
does the following: 

It authorizes a rubber agency with 
authority to enforce product specifica- 
tions, allocations, and inventories of 
both chemical and natural rubber. 

It practically prohibits disposal of 
the government's plants; in fact, it de- 
dares that there is no reason why the 
plants should be disposed of. 

It emphasizes that national security 
is the paramount consideration and 
until the rubber industry itself pro- 
vides synthetic rubber production of 
sufficient magnitude, the government 
must remain a major factor. To this 
end, the bill specifically provides for 
keeping the government plants tech 
nologically up-to-date. 

The Bricker bill, on the other hand, 
lays emphasis on need for stimulat- 
ing a private synthetic industry, and 
to that end makes easier the sale or 
lease of government rubber plants to 
private industry. The bill is supported 
in general by the major rubber com- 
panies, although they differ on details. 

The outcome seems most likely to 
favor the Shafer proposals: Congress 
is security-minded, and the Shafer 
arguments on security will likely over 
tide the Bricker arguments about get- 
ting the government out of the rubber 
industry, 




































































































































































































SYNTHETIC FUELS. Whether to 
build and how to build a synthetic 
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SUBSONIC AIRPLANE INVESTIGATION 
has been implemented by completion 
of a new wind tunnel at the Glenn L. 
Martin College of Engineering and 
Aeronautical Sciences, University of 
Maryland. While not the largest in 
size or wind velocities, the tunnel is 
among the most modern in the coun- 
try and is equipped with every possible 
scientific aid to make wind tunnel 
tests, observe and calculate results 
and make photographs. A completely 
equipped woodworking shop is capable 
of making models to order and chang- 
ing models brought to the tunnel for 
test purposes. 

Housed in a concrete building with 
walls varying from one to three feet 
in thickness, the tunnel is rectangular 
in shape. The long sides are 166 ft 





in length and the short sides 70 feet. 
The tunnel varies in diameter from a 
maximum of 31 feet to a minimum of 
7 ft 9 in.; narrowest dimension being 
in working section where models are 
studied, see picture. 

Air force is supplied by a seven- 
blade propeller with a maximum of 
850 rpm, producing velocities of 350 
mph. Electric motors with a capacity 
of 2,250 hp are required at peak load. 

Lights have been built into walls 
of the working section so that every 
movement of the test model can be 
observed and photographed. Obser- 
vation is through a big glass window 
that makes one wall of the test section. 

The facilities of the tunnel will be 
Open to government and private in- 
dustry without restriction. 





liquid fuels industry is one of the 
hottest subjects currently on the 
agenda. The basis on which such a 
program is contemplated—national se- 
curity—is assurance that the idea will 
be fought back and forth for many 
months. There’s little likelihood that 
anything can be done or would be 
done immediately—too many severe 
shortages of equipment and materials, 
already exist. Secretary Krug isn’t 
going to push for immediate action. 
In February he got about all the In- 
terior Department could expect at this 
time, which was Congressional a 

proval of an extension of the present 
Interior synthetic fuels program until 
April, 1953. At the same time, an in- 
crease in appropriations of 30 million 
dollars was authorized, bringing the 


total for the program up to 60 million 
dollars. 

Meantime, the industry contemplates 
the significance of such proposed legis- 
lation as the Wolverton bill (HR 
5475) which states that it is the policy 
of the United States to “promote the 
production of synthetic liquid fuels, 
and to that end to facilitate the con- 
struction and operation by private 
industry of synthetic liquid fuel 
plants”. The bill woùld authorize an 
appropriation of 400 million dollars 
and construction of three types of 
plants, each with a capacity of at least 
10,000 barrels a day: Coal hydrogena- 
tion, synthetic gas from coal, and shale 
oil from oil shale. If private indus- 
try wouldn’t undertake the construc- 
tion with loans from RFC, then RFC 
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is authorized to build and operate the 
plants. 

The Senate Committee on Interior 
and Insular Affairs recently approved 
the Robertson bill. The bill, which 
would authorize construction of a lig- 
nite research laboratory, was passed 
by the House last July. The measure, 
which now goes to the Senate, would 
authorize expenditure of 750,000 dol- 
lars to build a laboratory for research 
into commercial use of lignite as a 
liquid fuel, for gasification, and for de- 
velopment of byproducts. It also pro- 
vides for an expenditure of 250,000 
dollars yearly for operation of the 
project. 


SCIENCE FOUNDATION. A com- 
bined Science Foundation bill looks as 
though it has about the same chance of 
getting through Congress this year as 
last year’s bill did at this time in the 
session. However, there’s now al- 


C A L N 
most universal agreement on the point 
that brought the President’s veto last 
year: The question of presidential ap- 
pointment of the director of the Foun- 
dation. Senator Smith and Congress- 
man Wolverton have gotten together 
with Presidential assistant John Steel- 
man—and the scientists are also 
reconciled to having the President 
name the executive authority of the 
Foundation. Hence there’s nothing 
substantial blocking passage of a bill 
this year except one thing: It’s not 
“must” legislation, and politically it 
could be held over until next year. 
This year’s bill would be almost 
identical with the bill that got vetoed 
last year except for the placement of 
the power of appointment of the 
director. Brief hearings are likely; 
thereafter it becomes a question of 
getting a green light from the Repub- 
licans who control legislative traffic. 
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The Priest bill (H.R. 4852) is a 
rewrite of the vetoed Smith bill and 
will be pushed aside when the Re. 
publicans come up with a new Smith- 
Wolverton version of the Science 
Foundation bill. 


OFFICE OF TECHNICAL SERV. 
ICES. The Fulbright bill gives stat- 
utory standing to the Office of 
Technical Services in the Commerce 
Department, which provides service 
and information to inventors. It was 
reported out by a Senate committee 
on June 27, 1947, and nothing has 
happened to it since and probably 
won't unless Representative Taber de- 
cides to cut off appropriations for OTS, 
If that happens, then the bill probably 
will be pushed through. Actually the 
office is being operated illegally but 
as long as it can get its appropriation 
there will be no effort to enact the 
Fulbright measure. 


Foreign Reports from McGraw-Hill World News 


Patent Reciprocity Act 
Not Passed in Australia 


Unlike New Zealand, Australia 


has not passed legislation to pro- 
vide for reciprocity under the Boy- 


kin Act, nor is Australia yet a 


party to the Neuchatel agreement. 
This places both American .and 


Australian wartime inventors at a 


great disadvantage as far as re- 
ciprocal protection under belated 
applications is concerned. 


However, a bill is likely to be 


passed by the Commonwealth Par- 


liament to extend the provisions of 


the National Security (Industrial 
Property) Regulations and War 
Powers Act for a further twelve 
months. The Commonwealth Pat- 
ent Office will therefore be able 
to continue granting various types 
of extensions which may partly 
overcome the disabilities arising 
from Australia’s non-adherence to 
the Boykin and Neuchatel plans. 
If it can be proved that the lapse 
of the statutory term was caused by 
war conditions, an extension may be 
granted in regard to the filing and 
prosecution of applications for pat- 
ents and other industrial property 
rights. 

Under Australia’s amended Pat- 
ent Law, in operation since January 


1, 1947, patent specifications are 


open for inspection almost imme- 


diately after filing, and without pre- 
vious examination. An official of 
the Commonwealth Patent Office at 
Canberra told McGraw-Hill World 
News that he believes Australia to 
be the only country in the world 
which thus deals with new applica- 
tions. 

By subscribing to Australian pat- 
ent abstracts, American corpora- 
tions therefore have an opportunity 
of keeping abreast of competitive 
American inventive activities in 
cases where coverage is sought in 
the Commonwealth. In most cases 
an analogous abridgment may not 
appear in the U.S. Journal of Pat- 
ents until many months later. 


Outdated Indian Patent 
System Shown by Survey 


British and American individuals 
and companies filed 1,800 of the 
2,610 patents licensed by the In- 
dian Controller of Patents during 
1946, according to a survey re- 
cently made by that office. In the 
same year only 266 patents origi- 
nated with Indian nationals. 

Comparing the operation of the 
Indian patent system to that of “a 
100 hp engine producing only 1 hp 
of work, 90 percent of which is for 
the benefit of aliens” the Controller 
criticizes the lack of patent-minded- 
ness in India. He assailed the will- 


ingness to take up foreign methods 
and patents instead of developing 
new ones to meet India’s needs. 

The survey shows that Britain 
was the top patentee during the 
year, filing 1,348. Major role in 
this was played by Standard Tele- 
phone and Cables Ltd. with 233, 
followed by Imperial Chemical In- 
dustries Ltd. with 84. Among 
America’s patentee’s were General 
Electric with 65, and duPont 
with 60. 

Among the Indian patentees were 
Tata Iron and Steel Ltd. with 12 
and the Council of Scientific and 
Industrial Research with 27. 


Machine Tool Show 
To Be Held in London 


The International Machine Tool 
and Engineering Exhibition, spon- 
sored by the Machine Tool Trades 
Association, Victoria House, South- 
ampton Row, London, W. C. 1, 
will be held at Olympia, London, 
August 26 to September 11, 1948. 


Seaweed—New Base for 
Packaging Materials 


Seaweed was the raw materia! 
for a greenish fabric shown at the 
first Scottish Seaweed Research As 
sociation exhibition. It can be used 
to make plastics and clear papers 
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Assembly 


MORE THAN 25 PRECISION-MA- 
CHINED PLASTIC parts have been as- 
sembled into a new tower head for 
an aircraft antenna pattern plotter. 
Made by Airborne Instruments Lab- 
oratory, Inc., Mineola, N. Y., the plas- 
tic parts were fabricated from Gen- 
eral Electric’s cast modified polysty- 
rene, with high electrical qualities. 
The tower head is designed to ro- 
tate a scale model airplane in a high 
ent radio field so the trans- 
itter’s signal can be received and 
ana as a function of rotation. 
Illustrated in right-hand picture 


Constructed of Plastic Parts 


are drive gears, bolts, ball bearings 
and formed parts made of modified 
polystyrene. Universal joint, ball 
races, screws and formed plates are 
also made of this plastic that in- 
creases test accuracy because plastics 
with high dielectric constant do not 
greatly affect test measurements. 

Model movement is transmitted 
from vertical power shaft by uni- 
versal joint operating a bevel gear 
set. As depicted in left-hand illus- 
tration, universal joint is pin-con- 
nected to driving bevel gear, which 
rotates in plastic bearing races. 


Although no cold flow tendency 
has been noticed in these thermo- 
plastic parts some physical limitations 
have been encountered. Threads on 
small bolts and screws, and on the 
end of interior draw-up rod have 
a jjam and stripped under contin- 
ued use. The hand knob on the 
draw-up rod shattered like glass when 
rod was dropped to the floor. 

It was also found that plastic parts 
of this tower head should be assem- 
bled without using tools. When more 
than finger tension is applied, threads 
are liable to be stripped. However, 
advantages gained by good electrical 
properties offset assembly difficulties. 


Overloaded Patent Office Make War Developments Unusable 


Two YEARS and 150,000 cases bce 
hind, the United States Patent Office 
is still acting on some applications 
originally filed during 1943. Among 
applications that have not received 
final action, are those for developments 
brought about by wartime research 
activity. 

Present condition of the Patent 
Office has been brewing since 1943— 
when new patent applications reached 
alow point. There was a backlog of 
39,000 cases at start of 1943 and 
144,000 new applications were re- 
ceived during the year. Through ef- 
forts of 400 experienced examiners, 
backlog carried to 1944 was reduced 
by 5,000 cases. 

Seven a factors then com- 
bined to lengthen from two years to 
four years the average time for final 
disposition of each application. 
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|. Overcrowding of facilities. Ex- 
amination of patent applications is 
work that requires intense concentra- 
tion. At present, 40 percent more per- 
sonnel occupy 20 percent less space 
than before the war. 

2 Inexperienced examiners. Ninety 
percent of 1941 examining corps had 
continuous Patent Office service over 
five years. Today, 40 percent of 
examiners have less than two years’ 
service. 

3. Increasing volume of literature 
to be searched. Technical publica- 
tions, texts and handbooks, upon 
which examiners must rely for knowl- 
edge of the arts, multiply rapidly. This 
lengthens time of search, as does in- 
crease in total number of patents 
granted. Patents outstanding increase 
about 20 percent every ten years. 

4. Increasing complexity of cases. 


Closely related to preceding factor is 
complexity of new systems using 
theories, methods, functions and ar 
rangements impossible to search by 
scanning drawings, and difficult to 
examine as applic ations. 

5. Contraction of examining corps. 
Examiners become experts in concen- 
trated fields of knowledge. When 
nearly a quarter of these specialists 
were lost during war period, the re- 
maining force had to take over their 
work. ‘This caused lowered output 
because examiners had to read exten- 
sively and proceed cautiously to avoid 
iT in unfamiliar fields. 

6. High proportion of new cases in 
wai load. Average applications are 
acted on three times before being al- 
lowed or rejected. Initial actions re 
quire more time than final actions 
When ratio of new cases to old is 
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large, the total final actions completed 
by each examiner falls off. 

7. Rising importance of validity. 
The duty of the Patent Office is to 
issue valid patents. By inference, its 
corollary duty is to refuse invalid pat- 
ents. During periods of large back- 
log in the past, examiners have been 
pushed to increase output. This in- 
creases number of patents held invalid 
by courts and alias confidence in 
the patent system. 

Output per examiner has been low- 
ered from nine to seven final actions 
per week as a result of these factors. 
However, since new applications have 
increased to double the 1943 yearly 
rate, the number of cases ready for 
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final action is increasing and output 
will correspondingly increase. 

With all the temporary and per- 
manent factors working against it, 
there is talk that the present patent 
system may be abandoned in favor of 
a system of registration. Patent Office 
employees feel that this would be a 
grave error because an adequate, 
trained staff in Washington could 
maintain the integrity of patents and 
do so at a lower cost to the country. 

The future outlook for the Patent 
Office is more hopeful than might be 
expected. Two hundred and fifty new 
examiners, scientists and engineers un- 
trained in patents or law, have been 
added to the staff and are already 


Fastest Motion Pictures Ever 


FIRST FILM STRIPS made by worid’s 
fastest motion picture camera (PROD- 
ucT ENGINEERING, March 1948, page 
161) show research possibilities of 
high speed photography. Subject for 
these pictures is a .22 caliber bullet 
passing through a 2 mm pane of glass 
at a velocity of approximately 1,700 
ft per second. 

Two thousand dissected motion pic- 
ture frames, taken at rate of 5 million 
per sec, are included in the reproduc- 
tion of the negative at left below. 
Upper half of every frame appears in 
top section and lower half of every 
frame appears in bottom section. The 
bullet enters camera field at “A”, glass 
fracture starts at “B” and the bullet 
leaves the field at “C”. ¿Each frame, 


li 


as it appears on the film, is 1/2,500 
in. high and 1 in. wide. 

From studies of these pictures, it 
was learned that the glass fracture 
wave travels at a speed three times 
that of the bullet. 

The negative image sections are re- 
turned to their original relationship 
by using the camera’s optical system 
Slow motion pictures are 
recorded from this system with an 
ordinary 16 mm camera. 

The event was first photographed at 
a rate of 11 million frames per sec- 
ond, individual frames appearing the 
same as those shown here and also 
taken with film running at 400 fps, 
but the action when projected on the 
screen was then so slow as to be tedious 


in reverse. 
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carrying enough load to keep backlog 
from becoming larger. Experienced 
examiners must spend some time train 
ing new men, so, as the new men gain 
experience, output will jump. 

When space becomes available, the 
Patent Office will increase its staff to 
the authorized 900 examiners. This 
is 100 more than needed to carry cur 
rent load and will reduce backlog 
rapidly. At the same time, the wave 
of new applications in 1945, 46 and 
47 will be advancing toward less time 
consuming final actions. Optimistic 
Patent Office workers feel the backlog 
can be greatly reduced by the end of 
1950 and that patents can then again 
be granted in about two years’ time 


Made 


to watch. The actual bullet is about 
one-half inch in length. The complete 
action was photographed in the flash 
from a FT-524 lamp that lasts for only 
1 /2,500 second, but running time for 
the motion action on the screen 
is two minutes. Prints were Pe 
duced at intervals of approximately 4 
frames or 8 microseconds. 

Prints shown at right are selected 
at random from oriented film and il- 
lustrate detail that is possible with this 
camera. Resolving power of the 
negative film is the limiting factor in 
achieving detail. Camera will never 
be used in ordinary photography, but 
will give researchers the “eye” needed 
to study electrical discharges, shock 
fronts, explosions and jets. 


slow 
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Audio Engineering 
Society Organized 


TO DISSEMINATE INFORMATION and 
to promote intelligent study of prob- 
lems pertaining to audio engineering, 
the Audio Engineering Society was 
formed in New York City on February 
17, 1948. It is a society sponsored 
by well known men actively engaged 
in the field and not by a commercial 
group Or engineering society. 

At the organizational meeting, Nor- 
man C. Pickering stated that audio 
subjects were treated on fringes of 
three established societies, but con- 
tinued that audio engineers needed a 
common meeting ground of their 
own. Without an audio society, pub- 
lication of information had a time 
lag of 1 to 14 years. This has con- 
tributed to the slow advancement in 
audio work. Research was carried 
on, but each group had to make the 
same mistakes and learn the same 
facts independently. 

Audio engineering has broadened 
and many phases should have greater 
recognition. It is hoped this new 
society will bring attention to such 
activities as: Speech input system de- 
sign, studio design and use, disc, tape 
and wire recording, hearing aids, 
public address and telephone systems. 

Aims of the Audio Engineering 
Society include: 

1. Develop technical and public ap- 
preciation of the importance of audio 
engineering as a separate profession, 
with its own distinct background re- 
quirements. 

2. Foster educational presentation of 
subjects basic to audio engineering. 

3. Foster research on subjects basic 
to audio engineering. 

_ 4. Foster periodic audio engineer- 
ing meetings. 

5. Provide a facility for publication 
of papers on audio engineering. 

6. Represent audio interests in the 
matter of engineering standards be- 
fore the ASA, FCC, RMA and others 
of like nature. 

7. Operate an employment register 
for qualified audio engineers. 

Until the society writes a constitu- 
tion and holds elections, the organiz- 
ing executive committee: J. D. Col- 
vin; C. J. LeBel; C. G. McProud; 
E C Pickering, Acting Secretary ; 
C. A. Rackey; and R. H. Schlegel, 
Acting Treasurer, will continue opera- 
tion of society affairs. 

First technical meeting was held on 
March 11, 1948, at which Dr. H. F. 
Olson, RCA Laboratories, discussed 
high fidelity reproduction. 
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AIME Elects New President 


William Embry Wrather, Director, 
United States Geological Survey was 
inducted as president of the American 
Institute of Mining and Metallurgical 
Engineers during their 1948 meeting. 
Highlighted at this meeting, the 
166th of the society, were papers pre- 
sented before the Institute of Metals 
Division. Robert Steinitz discussed 
magnetic properties, especially per- 
meability, of soft iron-powder com- 
acts and indicated that raw material 
ce little effect on properties com- 
pared for identical density parts and 
not for identical processing procedures. 
Controlled porosity of powdered 
metal parts was subject presented by 
Pol Duwez and Howard E. Martens. 
They concluded that designers will 
specify metals to suit designs and not 
make designs fit existing powders. 
Lively discussion followed presen- 
tation of a paper on nickel steels by 
powder metallurgy prepared by Lau- 
rence Delisle and Walter V. Knopp. 
The meeting showed interest in this 
initial investigation into combining 
metal powders to produce alloys. 
Molding, coining and sintering 
properties of iron powder were evalu- 
ated by Jerome F. Kuzmick. He 
showed that increasing use of pow- 
dered metal parts has made powder 
suppliers more conscious of charac- 
teristics of the powders they make. 
Since many men interested in pow- 
der metallurgy were gathering in New 
York for the AIME meeting, Stevens 
Institute of Technology chose this 
time to make their annual powder 
metallurgy medal award. This year 
the medal was presented to A. J. 
Langhammer, President, Amplex Di- 
vision of Chrysler Corp., for his out- 
standing achievement in development 
and use of powdered metallurgy in 
bearings and machine parts. 


MEETINGS 


April 5-8 

NATIONAL ASSOCIATION OF COR- 
ROSION ENGINEERS—Annual Confer- 
ence and Exhibition, Jefferson Hotel, 
St. Louis, Mo. 


SOUTHERN MACHINERY AND MET 


ALS ExposirlIon--Annual Meeting 
and Exhibition, Atlanta Municipal 
Auditorium, Atlanta, Ga. 
April 13-15 

SOCIETY OF AUTOMOTIVE’ ENGI- 


NEERS—Aeronautic and Air Transport 
Division Meeting, Hotel New Yorker, 
New York, N. Y 


April 15-16 
AMERICAN ZINC INSTITUTE—An- 
nual Meeting, Hotel Statler, St. Louis. 


METAL POWDER ASSOCIATION 
Annual Spring Meeting, Drake Hotel, 
Chicago, III. 


April 19-21 

AMERICAN SOCIETY OF LUBRICA- 
TION ENGINEERS—Annual Conven- 
tion and Exhibit, Hotel Statler, Buf- 
falo, N. Y. 


April 19-23 

AMERICAN CHEMICAL SOCIETY 
Annual National Meeting, Headquar- 
ters: Stevens Hotel, Chicago, III. 
April 22-23 

WESTINGHOUSE MACHINE, TOOL 
ELECTRIFICATION ForRuM—Hotel Stat- 
ler, Niagara Room; second day at 
Westinghouse plant, Buffalo, N. Y. 
April 26-29 

AMERICAN MANAGEMENT ASSO- 
CIATION—Annual Conference and 
Packaging Exposition, Public Audi- 
torium, Cleveland, Ohio. 
May 3-5 

INDUSTRIAL FURNACE Mec. Asso- 
CIATION Annual Meeting, The 
Homestead, Hot Springs, Va. 


May 3-7 
AMERICAN FOUNDRYMEN’S ASSO- 
CIATION—Annual Meeting, Phila. 


May 3-14 

BRITISH INDUSTRIES FAIR—Spon- 
sored by Export Promotion Dept., 
held in London and Birmingham. 


May 6-7 

ANTHRACITE CONFERENCE — An- 
nual Conference at Lehigh University, 
sponsored by Anthracite Institute and 
Lehigh University. 
May 7 

AMERICAN INSTITUTE OF CHEM- 
ists—Annual Meeting, Waldorf-As- 
toria Hotel, New York, N. Y. 
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New OZACLOTH... 


improves even your best drawing! 


Order an Ozacloth print of your best pencil or ink 
drawing...and you'll be the first to admit the improve- 
ment. 


For Ozacloth has characteristics never present in an 
original drawing...never offered before in an “Interme- 
diate” print: 

1. OZACLOTH increases the opacity of pencil and ink 
images...gives you a translucent “duplicate” which pro- 
duces better prints than the original. 

2. OZACLOTH retains this improved line detail through 
the years. You have permanent sepia images—no pencil 
lines to smudge. No ink lines to run. No “surface” images 
to chip. No loss of opacity or reduction in reprint speed. 


3. OZACLOTH resists wear and tear...has a superior 
tracing cloth base...that’s plastic coated...impervious to 
water, grease, grime. Besides, Ozacloth can be cleaned 
with a damp cloth in seconds...and its images will not 
“offset” onto other prints in your files. 


4. OZACLOTH speeds up print production...is proc- 
essed in usual manner in your Ozalid machine...turns 
out subsequent prints in 26 seconds or less. 


5. OZACLOTH “corrects” in seconds. Deletions can be 
made with corrector fluid, or sand eraser—easily, pre- OZALID, A Division of General Aniline & Film 
cisely. Additions can be made in pencil or ink on either Corporation, Johnson City, New York 


side of matte surface. Gentlemen: 


_] Please send free sample of new Ozacloth. 
6. OZACLOTH cuts costs! For example, you can make _] Please send complete information on Ozalid process. 


a permanent 81/2 x 11 print for 26 cents; a 17 x 22 print No obligation. 
for 52 cents. A fraction of the cost of your original draw- 
ing... yet full insurance for years to come! ` A -Position 


DEPT. NO. 5: 





Mail coupon today for free Ozacloth sample. 


Ozalid in Canada — Hughes Owens Co., Ltd., Montreal 
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PRODUCT ENGINEERING REFERENCE BOOK SHEET 


Contact Ratio Charts for Designing Spur Gears 






WAYNE H. BOOKMILLER 


Gear Engineering Division, General Electric Company 








CONTACT RATIOS of various sets of gears are frequently 


pinion and gear that have standard addenda: 
calculated to help determine which set will give best service 










Pinion Gear 
ina particular installation. Usually each gear set is con- 7 
Number of teeth 28 85 
sidered as an individual case and a special calculation or 
Diametral pitch 20 20 
lyout made, These charts have been prepared to minimize 
7 Pressure angle, deg 20 20 
alculation and avoid repetition. taste. diaa vo en 
$ f E b é ter, „401 4.2 
A series of tooth form layouts were made to cover a a aco 5 ae i = 
è r C ‘nc Tr é U. UA! 
wide range of tooth numbers for 20 deg pressure angle T a ee aa -= 
gars. Layouts were made for standard and long-short Pee ee no iá 
addenda gears. The data compiled from these layouts are The contact ratio, Mp, for this gear set is 1.735, as 
presented in chart form. read on the graph of Fig. 1. 
As an example of the use of the charts, consider this The graph of Fig. 2 gives the addenda for equal Y 
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factor gears and indicates the formula for calculating 
tooth thickness. 

As an example: Design a long-short addenda gear 
set using the initial data of the previous problem. On 
Fig. 2, read the indicated addenda: 0.85, gear; 1.15, 
pinion. By dividing the diametral pitch into these values, 
the actual addenda are found: 0.0425, gear; 0.0575, 
pinion. The tooth thicknesses are then calculated to be: 
0.0715, gear; 0.0825, pinion. The contact ratio for this 
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gear set is read on Fig. 3 as 1.710. 

It should be noted that strengthening the pinion, by 
using a long addendum pinion and a short adde ndum 
gear, reduces the number of teeth in the arc of action. 

When it was found, Fig. 3, that the line for a rack 8 
a mating gear crossed over other mating gear lines, addi- 
tional layouts were made and carefully checked. The fact 
that the lines did cross was confirmed, and the crossovet 
point was accurately located. 
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YOU'LL find the answer to all your magnet wire problems at 
Auto-Lite’s big Port Huron plant. Quality wire of every shape, 
size, type and insulation can be had to meet your requirements. 
Auto-Lite engineering know-how, research and long experience 
have built Auto-Lite’s world-wide reputation for fine products. 

Auto-Lite’s Magnet Wire Catalog, packed with useful infor- 
mation, NEMA specifications, simplified 
charts and other useful data is now available. 
Executives and engineers should have this 
valuable catalog for ready reference. Write 
on your company letterhead to 

THE ELECTRIC AUTO-LITE COMPANY 

Wire and Cable Division 


Sarnia, Ontario Port Huron, Michigan 
Tune in the Dick Haymes Show for Auto-Lite, 
Thursdays, 9:00 P. M.—E.T. on CBS 


UT O-LITE wire -:con 
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If rust and corrosion eat into your profits by way of high 
maintenance costs and frequent replacements, look to the 
advantages of Armco Stainless Steels. 

In the long run these rustless steels cost less than short- 
lived materials. Labor costs for repeat-installation jobs run 
high today—about 100% higher than 10 years ago. And 
the wholesale price index of materials has risen more than 
80°%. Yet Armco Stainless Steels have increased only 10% 


during that time. 


60 Different Analyses 
You'll find a type of Armco Stainless for practically all kinds 
of corrosion—from mild atmospheric to severe industrial. 
Grades range from 12% chromium types to those contain- 
ing as high as 25% chromium and 20% nickel. (Armco pro- 
duces more than 60 different analyses, and variations in all 
their mechanical properties and finishes add up to more than 
500 possible mill routings.) 

This means the right type of Armco Stainless Steel can 
solve most of your corrosion problems; but to make sure 


you get that right type always consult with our engineers. 


170 


The corrosion-resistance of Armco Stainless Steel is im- 
portant in many products too. Stainless is easy to keep clean 
and new-looking indefinitely. And it helps make possible 
superior products that sell easier to more satisfied customers 
Prompt Deliveries 

Write us, or get in touch with your nearest Armco Distribu 
tor. We can give you quick deliveries on practically all types o' 


Armco Stainless Steel sheets, strip, plates, bars 


and wire. Just address The American Rolling i 
Mill Co., 168 Curtis Street, Middletown, Ohio 


Export: The Armco International Corporation 
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NEW MATERIALS AND PARTS 































Product Manufacturer Product Manufacturer 

mepacitors, Plastic........... United Condenser Corp aeaa. Oscillator, Resistance-Tuned. ..Hewlett-Packard Co. ... RY 172 
Circuit Breaker, Air.... . -General Electric Co..... sae . 180 Paper, Capacitor Insulating. ...General Electric Co... ‘ neste BO 
Clip, Hose Mounting. ... - Pegme Seeing Cos... csccces waccce 206 Foner Unit Fitil... cccsieus Jerome Hydraulics Co... ..... 180 
Connectors, Electrical Conduit. .National Electric Prod. Corp. .. 176 Pulley, Automatic Clutch...... W S Ro Ee. i m 
Gearmotors for Industrial Reliance Electric & Engrg. Co. & Pump, Hydraulic Gear. Adel Precision Prod. Corp.. ‘ . 176 

mmplications .......... Philadelphia Gear Works, Inc.... 171 Pump, Small Capacity Gear. .. .Bijur Lubricating Corp. .. 174 
Detector, Fire and Smoke ..Mine Safety Appliance Co....... 184 Pyrometer, Spot-Temperature. .Pyrometer Instrument Co RTE o 
Eraser, Electric Drawing. .. Chicago Wheel & Mfg. Co......... 174 Rectifier, High Current . .Mellophone Rectifier Co. coe Se 
Fabrics, Vinyl-Coated..........American Brattice Cloth Corp 184 Relays, Multi-Contact . General Electric Co...... 178 
maecers, In-Line.......... Micro Metallic Corp........ ...... 182 Speed Changers, High Ratio. ...Metron Instrument Co...... ‘ 176 
Filter-Lubricators, Air..... .-CCA Products, Inc...... Paes 178 Switches, Pressure. ... .. United States Gauge Div... 18-4 
Fittings, Threadless Pipe......G. M. Basford Co...... à i 174 Swivel, Safety Cord . Burlington Instrument Co. .. eax, San 
Generator, Signal.............DuMont Laboratories, Inc EE Transducer, Pressure .G. M. Giannini & Co....... oe 
Hose, Synthetic Resin.........Resistoflex Corp.. .. ee ee 184 Tubing, Insulating. . The Nat'l Varnished Prods. Co. 172 
Motor, Fractional Horsepower. .Redmond Co., Inc.... ; 178 Valve, Electric Air Control.....Hannifin Corp. ............ .. 180 
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Reliance Electric & Engineering Co., Cleveland 10, Ohio 
and Philadelphia Gear Works, Inc., Philadelphia 34, Pa. 


Built in six basic sizes capable of delivering from 1 to 
60 hp, compact, packaged gearmotors q= in a speed 
range from 74 to 780 rpm. Single-, double-, or triple- 
reduction units are available in each size. Use of a 
flange-mounted motor, complete with bearings and bracket, 
pefmits the adaptation of many standard or special motor 
enclosures. These include open, splash-proof, protected, 
fan-cooled, enclosed, Underwriters’ Class I Group D, 
Class II Group F and G, and Bureau of Mines’ types that 
can be bolted to any of the gear elements without altera- 
tion. 

The single reduction unit comprises a cast iron housing. 
Output shaft is located centrally, above the feet of the 
motor ind splash oil lubrication is provided for the helical 
pinion and gear. In the double reduction unit, the 
feet are cast integral with the housing. Output shaft is 
mounted in anti-friction bearings, one mounted in the 
housing, the other in a centerplate. The plate also serves 
as a support for the pinion of the final reduction in the 
two-stage reducer. A footless motor is bolted directly to 
the reducer. The pinion, assembled to the motor shaft, 
engages with the gear driving the second reduction pinion. 
The same high speed gears are used in both the two- 
Stage and single-stage assemblies. The three-stage gear- 
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Compact Gearmotors for Industrial Applications 


Valve, Safety Relief. . .Farris Engineering Corp. ... 


motor is made by adding a one-stage assembly bracket 
to the two-stage gearmotor. 

On the multi-stage units, only a bearing separates the 
output shaft and the feet of the gearmotor. This me- 
chanical feature provides sturdiness, particularly impor- 
tant with high torque loads, especially at low speeds and 
also minimizes the possibility of oil leakage. 

A high degree of standardization has been attained in 
the induction-hardened high speed gears. Since output 
speeds are based on a geometric progression, the gear 
ratios fall in the same pattern. In the single-stage assem- 
blies, only five gear ratios are used; in the multi-stage 
types, two ratios are used in the final-stage reduction. 
This simplification has reduced the number of gears in a 
set from 324, for a previous design, to 42. Standardiza- 
tion also means that one set of gears will serve a number 
of gearmotors. All assemblies have each pinion and 
gear well supported and spaced to reduce dehlection and 
to permit high load carrying capacity. Anti-friction bear- 
ings are used throughout. 

For long-service life, tolerances are closely held by 
machining the multi-stage housings from one end. This 
permits machining of the adapter fit, center plate fit and 
the bearing bore from a common center. 

The design of the housing, with centerplate nested into 
it, allows a grouping of gear loads that results in the 
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resultant strains. 
condition produces 
from vibration, yet 


cancellation of loads and reduces the 
This “balanced integrated dynamics” 
a design that is sturdy and free 
€ apable of carrying high loads. 

Units have been built for hard- pulling jobs. The short, 
low-slung design produces maximum horsepower for a 
given frame size. With the output shaft centrally located 
between the feet units can be located in spots that are 
hard to get at or into. They can be assembled and main- 
tained in very tight corners, such as in mining machinery. 
Because the entire assembly of the gearmotor is accom- 
plished from one end, it can be spot tted into the « avity of 
making it an integral part of the machine. 


a machine tool, 


Safety Cord Swivel 


Burlington Instrument Co., Burlington, lowa 


Applied to wall plug, appliance plug or cord contact, the 
safety swivel minimizes the dangers of short circuits and 
fires resulting from insulation breakage. Twisting, curl- 
ing and knotting cannot occur as each end of the unit is 
free to rotate. The device consists of two sleeve-type 
sections precision fitted inside each other and assembled 
with insulation between. End swivels are held in posi- 
tion by music wire springs and lead pins extend from 
internal contact swivels through guides at each end. 
Wire connections can be made at the pins or internally 
with the pins removed. All swivels have three points 
ot contact assuring constant flow of current and minimum 
static When applied in a cord. a special bakelite case 
with insulating canines: is ‘supplied. Standard units are 


made for 125 v. 10 amp capacities, 


Insulating T ubing 


The National Va 
N. ] 
Natvar 400 extruded vinyl insulating tubing is nonin- 
flammable, has high resistance to oil and withstands con- 
tinuous operating temperatures up to 105 Centigrade. It 
does not crack with age and can be made clear or in a 
variety of colors. Applications include all ty 
internal wiring for electrical equipment where coated 
tabric sleeving and tubing have been specified. Recent 
approval tests conducted by Underwriters’ Laboratories, 
Inc. on samples ranging in size from No. 24 to 14 in. 
the following electrical characteristics: maximum 
rating, sizes No. 18 and smaller—300 volts; 
larger—600 volts; dielectric strength 
insulation -3,060 to 3,820 
megohms per 1,000 feet. 


d Products 
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Corp., Woodridge, 
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voltage 
3 in. and 
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Pressure Transducer 

M. Giannini & Co., Inc., 285 

dena 1, Calif. 
Type 4713 transducer is sensitive to pressure differentials 
in the range of 20 in. water. Measurement is based 
on the slack- diaphragm principle. One end of a spring- 
linkage movement is attached to the dome, the other end 
to a bellows. A microtorque potentiometer wiper is 
fastened between counter-wound halves of the spring 
As the bellows responds to changes in pressure, move- 
ment is emia through the spring linkage to the 
wiper, causing it to move in a wide arc on the poten- 
tiometer coil. Large voltage outputs, dependent on the 
coil resistance, are therefore the result of extremely small 
— in pressure. Weighing 6 oz and measuring 3{ 

long and 1% in. in dia, this device is suited for use 
with galvanometer-recorders, strain gages, and teleme- 
tering links. 


Colorado St., I 


Resistance Tuned Oscillator 
Hewlett-Packard Co., 395 Page Mill 
Calif. 

The hp Model 650A Resistance Tuned Oscillator pro 
vides audio measurement speed, ease and accuracy fo! 
readings at r-f, video and audio frequencies. Instrument 
covers a frequency range of 10 cycles to 10 mes gacycles 
in decade ranges. No zero setting is required at ıd mini- 
mum adjustments are necessary during operation. Opera 
tion is virtually independent of line voltage and tube 


Rd., Pal 
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a You can meet the demands of this competitive market by using a 


7 wants instead of what he can get... it’s more important than ever 
V 


that your product have an extra sales appeal—a good-looking finish. 


-_ 
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finish developed for your specific needs by the Advance Paint Company. Advance finishes 


combine sales-increasing “eye-appeal” with a protective, long-wearing surface. 


Your product will take on a better appearance without running up finishing costs, 


for the Advance finish you use is formulated specifically for your product and for your 
spray room conditions. 


Get the best finish for your metal product at the lowest cost by turning your finishing 


problems over to the Advance Paint Company for recommendations and formulations. 


* S A L E S A P P E A L—the qualities of a salable product, especially its appearance, 


Al performance, and durability, which cause it to be selected by the buyer. 
F pro- 
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characteristics changes. Output is flat within 1 decibel 
at all frequencies and voltage range is 0.00003 to 3 
volts. Output impedance is 600 ohms, but a 6 ohm 
impedance is available through an output voltage divider 
supplied with the instrument. Other features include a 
94 in. scale length, a 6 to 1 micro-controlled vernier 
tuning drive and a complete vacuum tube voltmeter to 
monitor output in volts or decibels at the 600 ohm level. 
( ontinuously variable output voltage is obtained by means 
of an output attenuator of 50 decibels. variable in 10 
decibel steps, and an amplitude control which adjusts 
the level to the monitoring vacuum tube voltmeter. 
Operating entirely from a 115 v a-c power supply, the 
equipment is provided either in relay rack or cabinet 
mounting. Panel size is 19 x 10} inches. 


Electric Drawing Eraser 
Chicago Wheel & Mfg. Co., 1101 W. Monroe St., 
Chicago 7, ll. 


Smooth, clean erasures without smudge on tracings and 
drafting room copies can be effected in a few seconds 
with this electrically driven eraser. Balanced and shaped 
to fit the hand, all moving parts except the rubber eraser 
are completely covered by a protective sleeve. The quick- 
change chuck accepts any of the standard erasers. Op- 
tional equipment includes a foot operated “on” and 
“off” speed control that provides freedom of both hands 
t all times. 


Threadless Pipe Fittings 


M. Basford Co., 2020 Lincoln Bldg., 60 E. 

New York 17, N.Y. 
Minimum pressure loss due to friction and turbulence in 
piping systems is achieved through the use of Flagg-Flow 
threadless fittings. (See right end of cut.) Made of 
black, malleable iron, the fittings are the socket type 
suitable for brazing to steel or wrought iron. The cup 


2nd St., 


174 
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is reamed to the OD of standard pipe, providing a 
shoulder and rigid support for the pipe. The design per- 
mits full wall thickness and maximum pipe strength 
since no metal is removed by threading. Silver brazing 
alloys with melting points of 1170 F and higher and 
an oxyacetylene torch are used for making the connec- 
tions on the job. A typical industrial installation using 
these fittings is one involving temperatures up to 450 F 
and pressures up to 300 pounds per square inch. 


Spot-Temperature Pyrometer 
The Pyrometer Instrument Co., 103 Lafayette St., New 
York, N. Y. 

The Pyro Radiation Pyrometer is designed for rapid, 
accurate measurement of temperatures above 1,000 F, 
Weighing two pounds, the instrument is direct reading 
and requires no outside connection to batteries or other 
accessories. Simple operation consists of sighting the 
vacuum thermocouple on the front at the object being 
measured and reading the temperature on the scale. The 
meter needle is locked at the reading obtained and can 
be released by pushing the button. The steel housing 
provides durability and acts as a shield against external 
magnetic and electrical influences. 


Small Capacity Gear Pump 

Bijur Lubricating Corp., Long Island City 1, N $ 
All three models of this constant feed gear pump are 
designed to provide 50 cc per min at 100 rpm fo lubri- 
cating systems in all types of machines. Because of the 
small capacity, the correct amount of lubricant can be 
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Available in Types 
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Other Analyses for Special 
Applications Upon Request 
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ELECTRUNITE 


STAINLESS STEEL TUBING 


@ Long service life is a primary advantage of Republic 
ELECTRUNITE Stainless Steel Tubing that pays profitable 


dividends on your original investment. 


Made of long-lasting ENDURO Stainless Steel, this tubing 
provides the resistance to heat and corrosion, minimum mainte- 
mance expense and sanitary advantages of stainless steel. And 
as made by Republic’s improved welding processes, each length 
is uniformly round and sound, free from rolled-in scale and 
scale pits. Full annealing of all but ornamental grade assures 
unvarying high ductility throughout every length—throughout 
every shipment. 


For complete information about these and the many other cost- 
saving advantages of Republic ELECTRUNITE Stainless Steel 
Tubing — including a list of sizes, gauges and analyses— write 
today to: 


REPUBLIC STEEL CORPORATION 


STEEL AND TUBES DIVISION e CLEVELAND 8, OHIO 
Export Department: Chrysler Bldg., New York 17, New York 
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delivered without by-passing a high percentage of the 
output. The universal model (upper left) can be 
mounted in any position, the direction of rotation deter- 
mining the direction of flow. The reversible unit (center) 
maintains flow in one direction only, regardless of shaft 
rotation. The third pump (upper right) is equipped 
with a fine mesh screen and can be mounted in the oil 
sump. Base diameters measure 24 in., making all models 
readily adaptable to machines where space is limited. 


Hydraulic Gear Pump 
Adel Precision Products Corp., Burbank, Calif. 


Special gear mountings and pressure lubrication charac- 
terize this gear-type hydraulic oil pump. A ball drive 
permits the gears to float endwise on the shafts thus 
preventing thrust loads from being transmitted from the 
shaft to the gears. Working parts are pressure lubri- 
cated as indicated by oil trapped in the gear compartment. 
Precision-machined hardened steel gears and shafts anc 
a special oil seal and ball bearing in the drive shaft con- 
tribute to the durability and dependability of the pump. 
Adaptable to industrial and farm machinery applica- 
tions, the unit is designed to produce 1,000 psi pressure 
at 1,800 rpm in various models having rated capacities 
from 1.5 to 60 gallons per minute. 
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Electrical Conduct Connectors 

National Electric Products Corp., Chamber of Commerce 
Bldg Pittsburgh 19, Pa. 

Electro-galvaniged E. M. T. pressed steel couplings and 

connectors are well adapted for installations where space 

is limited. The fittings slip over thin-wall tubing ends 

“with a close, accurate fit. Positioning is controlled by 
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a small integral step. When the screw head is driven 
down against the boss, the screw tip embeds in the tube 
wall just enough to give a vibration-proof, permanently 
grounded connection. Easy to install and inspect, these 
fittings are approved by Underwriters’ Laboratories. 


High-Ratio Speed Changers 
Metron Instrument Co., 432 Lincoln St., Denver 9, Colo. 


Standard 1-, 2- or 3-section miniature speed changers 
provide ratios as high as 3,375 to 1 for low power 
applications. Diameter of the units is 1.05 in. and over- 
all lengths are 3, 3% and 4§ in., respectively. Applicable 
to developmental work and as component parts in finished 
parts, over 500 different speed ratios can be supplied. 
Speeds as high as 20,000 rpm and torques of 2 lb-in. 
are practical. Hardened steel gears are used throughout 
and, for most applications, lubrication is permanent. 
Input and output shafts are concentric and supported on 
ball bearings. 


High-Current Rectifier 
Mellophone Electronic Rectifier Co., Inc.. Roch 
N. Y. 


A line of low-voltage high-current rectifiers is available 


tor operation from 220 or 440 v three phase a-c power 
lines. Output voltage can be varied from O to í d-c 
with a capacity of 600 amp or from 0 to 12 v wi 300 
amp capacity. Although intended for use in ctro- 
plating and electrolytic cleaning systems, the units į wide 
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Why most designers specify 
va Crane piping equipment 


ube 
ntly 
iti When buyers see the Crane name of flow-control equipment, they know 
that they are getting the best. When the best is also the easiest to specify, 
SOURCE OF SUPPLY it’s clear why so many piping ‘“‘specs” say: Crane or Equal. 
RESPONSIBILITY Specifying from the Crane line gives you a complete selection of valves, 
STANDARD OF QUALITY fittings, accessories and pipe . . . in brass, iron, steel or alloys. There’s 
x a, no need to search further, everything’s in one catalog. 


Having Crane supply all piping equipment means time saved in your 

drafting room . . . ordering and storing are simplified . . . piping assem- 

- bly operations go smoother. And Crane equipment means easy-to-get 
replacements in the field, from Crane Branches everywhere. 


Flow control equipment is too important to use anything but the best 
3.. So specify Crane . . . dependable for more than ninety years. 


CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 
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SIMPLIFIED STEAM TRAP, CRANE No. 

981 bas only one moving part. Keeps 

steam lines hot and dry; saves fuel. 

Works automatically; requires virtu- 

ally no maintenance. Compact design; 

ideal for steam-heated or steam-oper- 

ated machinery. Easy to install and 

service. Made in 150, 200 or 300- 

\ ! pound steam pressure classes. See your 

m” È i Crane catalog or write for literature. 


Circulating unit, Poro-Seal 
casting sealer system, 

by Tincher Products Co. 
Equipped by Crane. 
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vide FOR EVERY PIPING SYSTEM 
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an ideal power source for testing and running-in 6 v 
and 12 v d-c motors. Rectifying elements are sealed 
selenium type and heavy duty transformers give stepless 
control over output voltages from zero to maximum 
setting. 


circulators, window type ventilators, unit coolers, evapor- 
ative coolers, exhaust and pedestal fans. Long life is 
assured by a large capacity lubricating system that cir- 
culates oil through porous bronze bearings. This type 


system failure is provided. 


Multi-Contact Relays 
General Electric Le: Schenectad) > aN, 2 

A new multi-contact d-c relay capable of handling as 
many as 12 circuits in a wide variety of contact combina- 
tions has been designed for use in industrial electronic 
apparatus, communications, and signaling equipment. 
Working from five basic contact arrangements, combina- 
tions can be stacked to satisfy intricate circuit switching 
requirements. Silver, palladium, or tungsten contacts 
can be supplied, the choice depending upon rating and 
life specific ations. More than 500 different coils are 
available for use in the relay with ratings ranging from 
1 to 250 v and from 0.1 to 26,000 ohms. Coil voltage 
and resistance can thus be closely matched with the rating 
of the energizing circuits. Two-section or concentric two- 
winding coils are also available. 


Fractional Horsepower Motor 
Redmond Co. Inc., Owosso, Mich. 
Type “W” 


design improvements that make it ideal for use in air 


1/15th hp shaded-pole motor incorporates 


178 


Protection against overloads and ventilation 


bearing is said to retard gumming, filter the lubricant e 
provide a steady flow of oil directly to the 2 sq in. 

— surface. Bearings are spring-tension linea 
and broadly spaced to provide smooth operation. The 
precision skewed flush-weld rotor is micro-balanced and 
has a machined surface, rust inhibited. There are no 
open inductor slots to collect dirt and dust. Operation of 
the Type “W” is at 1,500 rpm on 115 v, 60 cycles. 
Housing length is 54 in., diameter is 3 15/ 16 inches. 


Nut with Replaceable Lock Ring 


Swallou Airplane Co., Wichita, Kans. 


A lock nut with replaceable locking ring that can be 
used with either fiber or metal washers permits usage 
where resistance to heat is essential. Full holding strength 
in excess of AN specifications is restored by replacing 
only the locking unit retained in the crown of the nut. 
This low cost replacement feature effects appreciable sav- 
ings in many instances such as on nut plates that are 
either riveted or spot welded to assemblies. Aside from 
the saving on the nut plate, the time factor of replace- 
ment and danger of damage to the entire assembly 1s 
reduced. The lock nut lends itself to greater use in the 
larger sizes. 


Air Filter-Lubricators 


CA Products, Inc., Box 671, Glendale 5, Cali| 


Transparent, plastic bowl filter lubricators and sit le air 


line filters have large area bowls and elements that pet 
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Impossible? These are the actual ratings of 
some Cone-Drive gear sets at 1750 rpm. 
The larger gear set can actually handle 


600,000 INCH POUNDS of torque at 100 


rpm. 


These standard Cone-Drive gear sets 
and speed reducers—with their greater 
contact per tooth and MORE TEETH IN 
CONTACT—are available in ratios of 5:1 
to 70:1 and from fractional hp to hundreds 


of hp. 
Write for complete information today, 


giving your approximate hp or torque and 
speed requirements. 


MICHIGAN TOOL COMPANY 


CONE-DRIVE DIVISIO 7171 E. McNichols Road © Detroit 12, U. S. A. 
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mit maximum capacity and reduce 
maintenance. All-wool felt filter ele- 
ments, easily replaceable, provide pro- 
tection against sludge, dust, sand, oil, 


scale and free moisture for all types 
of air-operated equipment. O-ring 
packings seal the units and single 


hold-down screw permits rapid dis- 
assembly. The Filter-Lube unit on the 
left is an air line filter and automatic 
lubricating injector combination, com- 
pletely air actuated. A precision 
metering device provides the correct 
amount of oil to mix with clean, dry 
operating air. 





Fluid Power Unit 

Jerome Hydraulics Co., 60 

Ave., Lynbrook, N. Y. 
Model 1100 Pack O'Power is adaptable 
to single cylinder, gravity or spring 
return applications requiring up to 14 
hp intermittent duty rating. Except 
for the ram itself, unit is a complete 
hydraulic system including 6 or 12 v 


Ocean 


motor, pump, reservoir, circulating oil 
filter, relief valve, check valve, elec- 


trically operated by pass \ alve and re- 
turn flow regulator for constant rate of 
ram descent. Interchangeable pumps 
are available for pressures up to 2,000 
psi or flow rates up to 4 gpm. Assem- 
bly is 53 in. OD by 14 in. high and 
can be mounted vertically or horizon 
tally. Reservoir holds 85 cu in. and 
connections are available for an auxil- 
iary tank. All valves are externally 
assembled for ease of service. Other 
models include 110 v, belt driven 
and double actuation 


acting cylinder 
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Safety-Relief Valve 

Farris Engineering Corp., 527 Com- 

mercial Ave., Palisades Park, N. J. 
Type 2680 safety-relief valve is de- 
signed for handling corrosive liquids, 
vapors or gases at 2,000 psi pressure 
and temperatures up to 900 F. Valve 
lift ratio is 2} to 1 and disk guide 
assures positive reseating. The long, 
low-stressed protected loading spring 
maintains accuracy of any set pressure. 
A modification of the valve has all 
working parts isolated behind a “Far- 
riseal’’ of rubber, neoprene or any 
flexible metal, designed to withstand 
the action of specific acids and caus- 
tics. Steam coils can also be mounted 
internally to maintain fluid tempera 
ture for very viscous materials. Valve 
sizes range from 1} x 2 in. to6x 8 
inches. 





Electric Air Control Valve 


Hannifin Corp., 1101 S$. Kilbourn 
Ave., Chicago 24, Ill. 
Designed primarily to provide a fast- 
acting push button control for smali, 
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air operat ted presses and similar units, 
electrically operated 4-way valve also 
has ap plication as an automatic con- 
trol for any air operated unit through 
the use of limit switches or mechanical 
stops. The valve itself is the packless 
reciprocating disk type, pilot operated 
and solenoid controlled. It is built 
in two types: Type I is arranged for 
double solenoid Operation using two 
push buttons or limit switches. Valve 
position is determined by energizing 
the proper solenoid. Type II is ar- 
ranged for power offset operation 
using a single push button or limit 
switch. The valve returns to its ini- 
tial position when the solenoid is de- 
energized. Either type is capable 

as many as 180, or more, operating 
cycles per minute in handling any air 
pressure from a minimum of 25 psi to 
a maximum of 150 psi. Type I units 
are rated at 10 watts, Type II at 20 
Standard models are built for 
50-60 cycle circuits, but they 


watts. 
> V. 


can also be supplied for 230 v, 50-60 
cycle power, or for d-c, low voltage 


a-c, and other frequencies, 





Air Circuit Breaker 
General Electric Co., 
Dit , Schenectady, N.Y. 

Two models of Type AK-1 air circuit 

breaker are available for low voltage 

circuits—600 v and below. The AK- 

1-15 is rated 15 to 225 amp with 4 

15,000 amp interrupting rating; AK 

1-25 is rated 35 to 600 amp with a 

25,000 amp interrupting rating. ¢ har- 

acteristics of the breaker include 1m- 

proved arc interruption, compact 
sealed-in overload trips, short-time 


Switch gear 


rating equal to the interrupting rating, 
complete shielding of live parts and 
mounting 


an all-metal base. Arcing 
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Merea au CLUTCH HEAD SCREWS 


Solue AU Vhread-forming Problems 


No Washer, Nut, or Other Auxiliary Fastener Required 


1 Clutch Head Thread-forming Screws are single- 
unit fasteners because they form mating threads 
which are tailor-made to merge snugly with the 
threads of each individual screw. 

2 The Result is a vibration-proof one-unit fastening ... 
actually integrated in a solid wall of metal. 

3 Thus a 3-Way Saving—elimination of separate 
tapping operation; cost of multiple fastenings; 
and cost of slow-down in two-handed assembly. 


4 The Design of the Clutch Recess is “a natural” to 
meet the rigor of the toughest thread-forming job. 


5 Note the Husky Teeth of the straight-walled recess 
... to stand up under the highest torque required. 


6 Also Consider the rugged structure of the straight- 
sided Type “A” Bit for longer uninterrupted 
service. 

7 it Is Important to the safety and speed of assembly 


operation that the CLUTCH HEAD engagement is 
definitely non-tapered. 


8 Hence, There Is No “‘Ride-out’’ to combat... elimi- 
nating both the skid hazard and need for fatigu- 
ing end pressure. 


9 Freedom from burred or chewed-up heads also speeds 
assembly. The Center Pivot column guides driver 
into dead-center entry for automatic straight 

driving. 


10 Note How the Lock-On, exclusively a CLUTCH HEAD feature, permits of one-handed 
driving. A simple reverse turn of the screw in the recess locks screw and bit as a unit. 


The savings of CLUTCH HEAD Screws 
for every assembly operation will 
be self-evident when you person- 
ally examine them. We invite you 


, 


” Americas 


to send for package assortment of 
Sheet Metal, Thread-forming, and 
Machine Screws, sample Type “A” 
Bit, and illustrated Brochure. 


Moderan Serew” 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 


CT ENGINEERING — APRIL, 1948 


CHICAGO 8 


NEW YORK 7 





N E W 


time is less than one cycle. Silver alloy 
contact tips reduce deterioration due 
to oxidation, and assure long tip life 
and low contact resistance. Inter- 
changeable dual magnetic trips have 
accurate ‘'sealed in” liquid-displace- 
ment time-delay devices using non- 
sludging silicone fluid. The AK-1 is 
suitable for selective tripping” 
tems because of the accuracy and co- 
ordinated characteristics of the trip 
units. Access to all accessories is from 
the front of the breaker which can be 
supplied either for individual mount- 
ing Or as an integral part of draw-out 
switchgear equipments. It is available 
for electrical or manual operation. 


SyS- 











In-Line Filters 


Micro Metallic Corp., 

t., Brooklyn 7, N.Y. 
Three basic types of porous stainless 
steel element can be used with “in- 
line” filters. Range of filtration is 
from 20 to 65 microns and filter areas 
vary from 18 sq in. to 24 sq feet. 
Strainless steel filter bodies are built 
for 200 psi pressures but specially 
reinforced units are available for 
greater pressures. The star-type ele- 
ment, illustrated, is used in the larger 
assemblies to provide maximum area 
for “clarification” and “polishing” in- 
stallations. Bayonet shaped elements 
provide maximum space for solids 
collection and are designed for a 
100 psi pressure differential. Cylin- 
drical elements are more suitable for 
low pressure differentials and small 
amounts of solids collection. Bodies 
are threaded to fit } to 14 in. standard 
pipe sizes. 
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Signal Generator 
Allen B. DuMont Labs., Inc., 
Harding Ave., Clifton, N. J. 

Model TA-107 A/B synchronizing 
signal generator conforms to all RMA 
and FCC specifications for standard 
output signals, horizontal and vertical 
driving signals, composite video blank- 
ing and synchronizing signal. Linear- 
ity test signals at 900 cycles provide 15 
horizontal bars, while 157.5 kc signals 
provide 10 vertical bars mixed with 
blanking for use in checking scanning 
linearity of picture monitors and tele- 
vision receivers. Bars appear on two 
3 in. cathode-ray tubes used in switch- 
simultaneous monitoring of all 
frequencies in the generator. Fre- 
quency counts can the refore be checked 
or adjusted without use of externa! 
oscillographs. Leading edges of equal- 
izing pulses are also leading edges of 
horizontal and vertical pulses, thus 
insuring perfect interlacing. A crystal 
oscillator at 157.5 kc, or a highly 
stable self-exciter oscillator, can be 
selected by a switch for use as master 
oscillator. The self-excited master 
oscillator is useful for synchronizing 
the generator, by means of the pro- 
vided lock-in circuit, to the 60 cycle 
power line or to a remotely generated 
synchronizing signal. The equipment 
is used for furnishing horizontal and 
vertical driving pulses, blanking sig- 
nals, and composite sy nchronizing sig- 
nals required by studio and film 
cameras, camera control units, moni- 
tors and other telecasting station 
equipment. Cabinet 
834 x 22 x 18} in 
tion is 680 watts. 


less, 


power consump- 


dimensions are 


Propucr ENGINEERING — APRIL, 


D P AR § 


Capacitor Insulating Paper 
General Electric Co., 
EAN Ta 

A low-loss Kraft paper has raised the 

ceiling rating for large power factor 

capacities to 25-kvar, ten kilovars 
higher than the practical design limit 

that has stood for 15 years. This 67 

percent increase in capacity is possible 

because the new paper has a 20 per- 
cent lower temperature rise than the 
dielectric previously used. Tests re- 
vealed that the temperature rise of a 
15-kvar capacitor with standard paper 
and a 25-kvar unit with the new paper 
agreed within 3 percent at the maxi- 
mum allowable operating condition of 

135 percent of rating. The increased 

unit capacity permits the application 

of higher kilovars at the pole top. A 

total of 225-kvar can be mounted on 

a single pair of cross arms as com- 

pared with a 180-kvar limit when 

using 15-kvar capacitors. Units are 
of the individual pole- type, for use 

in primary circuits carrying from 2,400 

to 13,800 volts. 


Schenectad y 


Plastic Capacitors 
United Condenser 


Cc orp. à 22 E. 
138th St., New York 54, N. y. 
The dielectric hysteresis of a line of 
plastic capacitors is 1/10 that of simi- 
lar mica insulated units. In actual 
laboratory tests, a one microfarad ca- 
pacitor had a residual charge of 0.08 
percent of an original 3000 volt 
charge. Hermetically- or wax sealed 
assemblies are available in single of 
multiple units with ratings as high 4s 


1948 





Where can You use a lighter, shorter 


IYn glooo A ca 


Where Headroom 
Counts? 


_..on GEAR 
REDUCERS, 


for 
instance 


Where Weight and Space 
are Important? 


FAIRBANKS-MORSE AXIAL AIR-GAP* MOTORS offer 
new possibilities in the application of electric power! These mo- 
tors are radically advanced in design — over 30% lighter, 50% 
smaller than other motors of equal horsepower .. . yet they 
are 40-degree, standard wound squirrel-cage motors, with a 


tange of application that is broader and more flexible than mo- 
Where Appearance Helps 


tors of conventional design. Their size, weight and design are 
to Sell? 


hew — their performance meets long-established Fairbanks- 
Morse high standards. Bulletin 2760 has full details . . . write 
Fairbanks, Morse & Co., Chicago 5, Ill. 


*Air-Gap dimension is measured parallel to the axis of the shaft. 


Horizontal and vertical mountings; also, pivot base mountings. 
Polyphase squirrel cage and capacitor start, single phase types. 


| ...on FLOOR 
/ POLISHING MACHINE 


when it comes to Electric Motors... | «and hundreds of other 


applications 
x FAIRBANKS-MORSE 


A name worth remembering 


DIESEL LOCOMOTIVES + DIESEL ENGINES + STOKERS © SCALES * MOTORS + GENERATORS 


PUMPS © RAILROAD MOTOR CARS end STANDPIPES © FARM EQUIPMENT * MAGNETOS 
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25,000 v at 5 microfarads. Leakage 
resistance is 500,000 megohms per 
microfarad, P. F. is 0.05 to 0.1 per- 
cent, and continuous operation is satis- 
factory at temperatures up to 65 
Centigrade. 


— Resin Hose 

Corp., Belleville, N. ]. 
Compar stock in sizes up to 13 
in. ID for conducting hard-to-handle 
and available in 
constructions. The synthetic 
resin is unaffected by aromatic hydro- 
carbons, chlorinated solvents, insecti- 
cides and the ester group, in addition 
to fuels, oils, petroleum spirits, naph- 
tha, ether and carbon disulphide. Re- 
frigerants such as freon 12 and 22 and 
methylchloride can also be safety con- 
ducted by this gas tight, tough, non- 
swelling material. The hose is supplied 
in bulk or with specialized assembled 
fittings in ten sizes from 3/16 to 14 
in. ID. Small sizes carry working 
pressures to 1,500 psi while the larger 
ones are rated at 125 psi working pres- 
Constructions include a woven 
carcass with wire insert for sizes from 
} in. up and various braided carcasses 
for all sizes with or without static wire. 


Resisto 


solvents gases is 


various 


sure 


Fire and Smoke Detector 

Mine Safety 
8, Pa 
Approved by CAA for use in the cargo 
and compartments of trans- 
port aircraft, the MSA Carbon Monox- 
and Fire Detector is insensitive 
to false alarms caused by voltage varia- 
tions, dust and atmospheric conditions. 
The instrument is sensitive to exces- 
sive carbon monoxide contained in the 
surrounding air. Samples of air are 
drawn into the unit and analyzed. If 
dangerous concentrations of the gas 
ire present, warnings are indicated by 
i system of lights on the pilot's instru- 
nent panel. 


Appliance Co., Pitts 


DA { 

urgi 
00 

luggage 


ide 
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Automatic Clutch Pulley 


W.S.K., Inc., Donovan Bldg., 
troit 1, Mich. 


Movement of the center floating cone 
automatically compensates for stretch 
and wear of belts running in this re- 
versible, variable pitch diameter clutch 
pulley. Normally the mechanism is 
set to engage at 1,400 rpm under no 
load and at 1,700 rpm under full load, 
but adjustments can be made during 
manufacture for special requirements. 
The combination of clutch and variable 
pitch diameter permits economical 
motor starting and provides a high 
starting torque. It is not necessary to 
change the center to center distance 
between pulleys to install or remove 
a belt. Eight types of pulley with 
$, 2 or 1 in. bores are available. Key- 
way and locking set screw are pro- 


vided. 


Hose Mounting Clip 


810 S. Waugh 


Pepka Spring Co., 

t., Kokomo, Ind. 
Easily installed and removed, the sim 
ple wire clip provides a shock-resisting, 
non-chafing mount for hoses, ducts 
and tubes in structural apertures. In- 
vented by shop personnel of Glenn 


N D P A R 


L. Martin Co., the clip is made from 
a continuous piece of cold drawn 
music wire. About 13 in. of wire 
are needed for supporting a 2 in. OD 
hose or duct. The spring action of 
the ring against the hose and the four 
grippers against the edges of the 
aperture provides ample pressure for 
permanent support. 


Pressure Switches 


U.S. Gauge Div.. 

chine and Metals, 

Pa. 
The switching differential of Type VI 
pressure switches is only 3 percent of 
the full scale aan This line of 
regulators is rated at 10 amp, 125 v 
a-c and covers the range from 30 in. 
vacuum to 10,000 psi. An extra 
Bourdon spring is connected internally 
to the alarm spring to actuate a con- 
ventional type indicator. This permits 
an accurate indication of the pressure 
being controlled while remaining en- 
tirely independent of the setting at 
the ing contacts. In this way 
pointer lag does not disrupt the ac- 
curacy of the alarm contacts. Alarm 
position is easily set with a screw 
driver. 


American Ma- 


Inc., Sellersville, 


Vinyl-Coated Fabrics 
Cloth Cor 


Brattis e 


Ind. 

Several types of vinyl-plastic treated 
fabrics are available for industrial ap- 
plications. One type has a jute hase 
and another a cotton duck base. Both 
fabrics are thoroughly impregnated 
and coated on both sides. They are 
flameproof, mildew proof, imper rv ious 
to moisture and highly resistant to 
abrasive wear, creasing, flexing and 
puncturing. In addition to standard 
sheets and rolls of various widths, the 
materials are available in troughs, 
tubing and hydraulic piston covers 


American 
Warsaw, 


1945 
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BECAUSE “We tried every oil resistant mate- 
rial available and we found Perbunan could 
be finished to the right degree of hardness 
and still have sufficient high and low tempera- 
ture flex resistance in presence of oil’... 
j < writes J. M. Mason, Vice President, O’Sullivan 
>» k Rubber Corporation. 


s3 / ) i k= BECAUSE with this new O’Sullivan line, 
| working shoes can now have heels and soles 


that gasoline and oil cannot penetrate — as 
happens with leather. 


BECAUSE Perbunan Nitrile Rubber will not 
deteriorate or swell after contact with gaso- 


line or oil—as happens with natural rubber. 


Ía- 
le, sz t E UEIT TIR BECAUSE Perbunan heels and soles keep 
a AN . . e.e 

\ their safety-grip qualities longer than nat- 
VI a ] b 
of A ural rubber. 

© : 

of MWE SEA Gi IF YOU have problems that could be solved 
Vv 1 . . . 
k | $% $ by a rubber that not only resists oil, weather 
a I extremes, abrasions and wear. . . but also 
lly > j holds delicate colors—write our nearest office! 
yn- 
its 
ire 
>n- 
at 
'ay 
ac- 
rm 


' _«4 PERBUNAN 


‘th THE RUBBER THAT RESISTS 

ed S re 3 OIL, COLD, HEAT AND TIME 

are n N = 

MS p: ; ee rs i z ENJAY COMPANY, INC., 15 West 51st Street, New 

to ate E York 19, N. Y.; First National Tower, 106 South Main 

nd AN Street, Akron 8, Ohio; 221 North La Salle St., Chicago 1, 

rd Q ron, O: J; Illinois; 378 Stuart Street, Boston, 17, Massachusetts. 

he k; 3 y f j West Coast Representatives: H. M. Royal Inc., 4814 Loma 

hs. Con Vista Avenue, Los Angeles 11, California. Warehouse 
a stocks in Elizabeth, New Jersey; Los Angeles, California; 

Chicago, Illinois; Akron, Ohio; and Baton Rouge, La. 
45 


Propeci ENGINEERING APRIL, 1948 185 





NEW BOOKS 


Theory of Limit Design 
J. A. VAN DEN BROEK, Professor of 


Engineering Mechanics, University of 
Michigan. 144 pages, 53 x 84 in. Pub. 
lished by John Wiley & Sons, Inc. 
440 Fourth Ave., New York 16, N. Y, 


$3.50. 


Shall engineering design be for per- 
missible safe stresses or permissible 
safe deformations? The latter argu- 
ment is the thesis of this book. As 
the author emphasizes, the theory of 
elasticity is based on conditions that 
are rarely true: (1) elastic behavior. 
(2) elastic stress eH pn Limit 
design, on the other hand , presupposes 
ductile or semiductile material there- 
fore, stress values and stress distribu- 
tion within the elastic limit are of little 
use. Conventional design also assumes 
freedom from scratches or surface im- 
perfections, freedom from residual 
stresses and perfect alignment of loads, 
These three assumptions are scarcely 
ever true. Furthermore, in cold form- 
ing the elastic limit is continually ex- 

S i a e 3 3 Z | tes G 79 ceeded. Why, therefore, should engi- 
5 neers use a theory based on so many 
known erroneous conditions? De- 
E expensive ew are the design objective 
not the stress value. 

oiiae * ‘an Den Broek is admit- 
tedly an enthusiast for the cause of 
teaching design in terms of deforma- 


. . . . tions within the given structure. His 
nique design and spring suspension prevent 
Unique design a pring p p book is an excellent presentation of 


it in this Ward Leonard Relay the philosophy and basic theory of 
limit design. 

Opening chap ter discusses the phys- 
tacts of Ward Leonard Heavy Duty (105) ical properties of metals in terms of 


The generous wipe imparted to the con- 


Relay by its unique design and spring of their significance to strain and 
$ strength. Chapter 2 covers the limit 
design of simple structures such as 
tension bars, rivet connections, simple 
cantilevers, and springs. Limit design 
ONTROLS starting functions ordinarily assigned to of statically indeterminant (redundant) 

larger relays. structures such as the built-in beam 1s 


2 


a red | > vha 1g the 
te Ward Leonard relays are ‘Result-En- covered in Chapter 3, emphasizir 
difference between beams of alumi- 


num and magnesium and steel; differ- 
ences based on gradually varying vs. 
Tae? special... for the price of a standard. abruptly varying stress-strain curves 
Write for Relay Catalog. Ward Leonard and comparative brittleness. Limit de- 

FOR Electric Co., 63 South Street, Mount Ver- sign of trusses 1s covered in Chapter k 

non, N. Y. Offices in principal cities of and connections are discussed in Chap- 


U. S. and Canada. ter 5. 
Ai) While the theory is perfectly valid 


for the machine design field, illustra- 
tions and applications are drawn from 


the civil engineer's large structures, 
such as transmission towers. It is hoped 
that a similar text will be written with 
d i 3 > T a E > 1 M PA k | | strong emphasis on the design of ma- 


lements; where the structural 
CLC Oe malay chine elements; 
members have a greater variety 0 


suspension, results in freedom from con- 
ALIE tact “freezing” or welding. 
This mighty midget will perform motor 


Ma Sineered”. By modifying a basic design, 
m Ward Leonard can give you the results of 
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shapes and more complex arrange- 
ments. Such a book is badly needed to 
synthesize the results of practical ma- 
chine design and experimental stress 
analysis; and it could be incorporated 
with great benefit in most mechanical 
engineering courses. 
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i : Practical Descriptive Geometry | 
oo §. E. RUSINOFF, Associate Professor of | 
-y. & Mechanical Engineering, Illinois Insti- 
` Ef sute of Technology. 259 pages, 54 x 84 
in. Published by American Technical 
per- Society, Drexel Avenue at 58th Street, 
ible | Chicago 37, Ill. $3.50. 
rou. 
“A This textbook deals with the prac- 
of & tical application of the principles of 
"hat E descriptive geometry to shop and draft- 
ze ing room layout practice. 
mi A condensed review of engineering 
sses | drafting is presented and the princi- 
oe ples of projection explained. Then 
a. chapters follow that cover point, line, 
ttle | and plane problems; intersection of 
an planes, curved lines and surfaces; de- 
ae velopment of curved lines and sur- 
= faces; intersection of planes, curved 
adie lines and surfaces; development of | 
cely curved surfaces; intersection of sur- | 
“a faces; and solutions of miscellaneous 
ex- force and vector problems by the use i ’ 
api of descriptive geometry. | on 
aie Representative problems are taken 
De- from many industrial fields that in- F E q > 4 i 8 E € 
Ss clude the automotive, machine tool, 
aviation and steel. 
z yet sturdy 
of Television Vol. IH and Vol. IV 
His VoL. m, 486 pages; VoL. tv, 510 
ee ee oe Ward Leonard Edgeohm High Current Resistors 
two post-war volumes of Technical » i ; 
of È Book Series published by RCA Re- for intermittent or continuous duty 
ae er’ re ak teal 
lys- eo. a. oo Flexible in range, current and size, Ward 
_ of volume: Clothboard covers $2.50: Leonard Edgeohm Resistors are used in 
and paper covers, $1.50. single or multiple assemblies. They are 
ge The two volumes present compila- — ee = oa ear ELECTRIC 
iple tion of selected complete and summar- e ischarge an pues raking ia -c 
1 ized papers on television during 1938- controllers, and for continuous duty in 
nt) 1946. Vol. III (1938-1941) groups high current battery charging rheostats, CONTROLS 
» te the papers in four sections: Pickup, load banks, plating and welding. 4 
the Transmission, Reception, and General. Ward Leonard resistors are “Result-En- [EU 
Tie Vol. IV (1942-1946), uses these same gineered”. By modifying a basic design, 
fer- Supings plus sections on color tele- Ward Leonard can often give you the results 
vs. acindes hibliograpLy es on of a special . . . for the price of a standard. 
rves pers by RCA a 1929-1946 Ps Write for Resistor Catalog. Ward Leonard 
de- : ; re Electric Co., 63 South Street, Mount Vernon, 
fr 4 . . . ai 
ehh The Color of Life m in principal cities of U. S. 
lid ARTHI R G. ABBOTT. First edition. 
lie et pages, 9 x 6 7n. Published by the , 
a McGraw-Hill Book Co., 330 wW. {2nd 
; St, New York 18, N. Y. $6. WARD aa 
res, 
ped A complete text on the nature, pro- 
vith duction and uses of color. The book FLEC Y 
ma- iS written for the laymen but contains at H H 0 M PA | 
ural much fundamental and practical appli- | J | CL ea aa) 
of cation data about color. Both the 
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SHORT on STEEL? 


NICKELOID 


sh 


Why fight the steel shortage 
when it comes to bright metal 
for decorative or functional 
use? Nickeloid Metals offer 
ready availability of bright 
chrome or nickel plated finishes 


on base metals of brass, zinc, 


savings in the 

Metals. They simplify the whole 
manufacturing cycle: just stamp 
or form .. . then assemble. 
Available in protective Mar- 
Noi coating; in flat sheets or 
coils; bright or satin finish or 
patterns; many gauges and 
tempers. Ask our representa- 
tive to call. 


nite mccoomms | ME CKMEL OID 


This colorful illustrated book- 

let tells many of the in- 

genious ways in which manu- 

facturers are using Nickel- 

oid Metals to improve the 

appearance and marketabil- 5 

ity of their products. Write Estaldished 1898 
for it on your company 

letterhead. 
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esthetic and physical effects of color 
are covered; together with — 
data showing how these effects have 
been used in agriculture, manufactur. 
ing, selling and advertising. The 
author has drawn on a great number 
of colorists and also manufacturers of 
paints, pigments, dye, ink, etc., for his 
material. 


Rempe Engineering Data Book 


ARTHUR G. VOGEL. 34 pages, 84x 
11 in. Published by Rempe Co., 340 
N. Sacramento Blvd., Chicago 12, Ill. 
$1.50. 


A reference manual for design engi- 
neers and draftsmen who design pipe 
coils and fin coils. Data is included 
on dimensional limitations, coil de- 
velopment formulas and heat transfer 
factors. 

It is profusely illustrated with photo- 
graphs and line drawings showing ap- 
plications for different types of coil 
design. With each type of design is 
included a chart which indicates the 
specifications that the designer has to 
supply to the manufacturer. Material 
specification data and tables of various 
pipe sizes and heat transfer coefficients 
are included. 


Mallory Vibrator Data Book 


FUNDAMENTAL PRINCIPLES of vibra- 
tor power supply design. First edition. 
135 pages, 64 charts and diagrams, 
6x9 in. Compiled and published by 
P. R. Mallory & Company, Inc., 3029 
E. Washington St., Indianapolis 6, 
Ind. $1. 

Data book is directed at engineers 
who use and apply small d-c p 
equipment, such as auto radios. Tt 
describes basic structures, circuits, 
operating characteristics, and inspec- 
tion procedures. 

The 12 chapters include discussion 
of: Preliminary design; selection fac- 
tors; transformer characteristics; tim- 
ing capacitors; power supply circuits; 
interference elimination; and 16 pages 
of tables, charts, graphs and formulas. 
Loose leaf data sheets on vibrator 
characteristics are included with copies 
of the Data Book ordered by manu- 
facturers’ engineers. 


Shot Peening 


PUBLISHED by American W heelabrator 
and Equipment Corp., Mishau aka, 
Ind., 181 pages, 6 x 9 in. $1.50. 

This book covers all phases of the 
process of shot peening including de 
tailed discussions of the engineering 
advantages in addition to a description 
of the methods used in shot peening 
and their control. 

Part one has chaptérs describing the 
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oe With De Laval worm gears, reductions of as high as 90 to 1 
oe can be obtained in a single compact gear set occupying 


but a fraction of the space required for belts, chains or 
trains of spur gearing. Only a minimum number of parts 
are required and the nature of the gearing is such that it 
has exceptionally high load capacity for its size and weight. 

When buying De Laval worm gearing you are assured 
of a dependable supply of standardized, high grade 
gearing made by a long established manufacturer. 

Send for a free copy of De Laval Booklet WG-1220, 
including rating tables, dimensions, bearing load data and 
other information of use to anyone wishing to “draw in” 


standard gear sets. 


DE LAVAL 


DE LAVAL STEAM TURBINE C@., TRENTON 2, N. J. 


WG 21 


Atlanta * Boston + Charlotte + Chicago + Cleveland » Denver + Detroit + Helena» Houston + Kansas City 
Los Angeles * New Orleans » New York + Philadelphia + Pittsburgh « Rochester + Salt Lake City 
San Francisco» Seattle» St. Paul» Tulsa. Washington, D.C.» Edmonton» Toronto» Vancouver: Winnipeg 


TURBINES + HELICAL GEARS + WORM GEAR SPEED REDUCERS - CENTRIFUGAL PUMPS - CENTRIFUGAL BLOWERS AND COMPRESSORS - IMO OIL PUMPS 
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lized. Many engineers feel t 

lad is the absence of a mechanical bond 
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— of shot peening, its benefit 
es! he methods and the equips 
E in the manufacturing process i 
t. art two, written by Prof. H. F 
ar is entitled “Strengthening 
enact arts by Shot Peening.” Par 
ee, by J. O. Almen, is entitled “Im 
pe Fatigue Strength of Machine 
— a ae by O. J. Hor E 
; oo ed, “Mechanical and Met l 
g Advantages of Shot Peenin ‘ 
a 1€ =n will serve as a steel 
z gui e for all engineering and 
anufacturing personnel who specify 
and produce shot peened m 


























Dro 
Pressure Vessels for Industry 


HARRY \PRIN 

s w M. SPRING, JR., Commissioned 
mar el Inspector. 259 pages 54x8 b. 
es blished by McGraw-Hill Book oa 
pany, Inc., 330 W. 42nd St New 
York 18, N. Y. $3.50 oo 


Fe cage engaged in building, in- 
— and maintaining many types 
of pressure vessels will find tl i vee 
a valuable reference. -E 
eag ine used in many indus- 
eae mse ea Fields covered are: 
} ssed air systems, steam an 1h l 
water se "es mills 
vera — pulp and paper mills, 
ua ry, textile industry, chem- 
aea y, and specialized services. 
apters also cover: Pressure and 
stress calculations, construction a 
fabrication practices, applian > fo 
pressure vessels, and defects "At : 
pendix of reference and worki E x 
is included. "o 
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Rome Cable Manual 


5 } 
Published By Rome Cable Corpora 
tion, Rome, N. Y. 250 p ae 
73. $2.50. a 


















A pocket siz 
eee aa — of 
ee eae ables, data, and calcula: 
goe ine engineers concerned with 

k Pi ication of wire and cable 
wa T N D and 
yee solo inical tables, engineering cal 
an om = and radio frequenc 
eal are data, National Elec: 
areni a cata, properties of ma 
aa ma pematical tables, conversion 

, general technical information 














Control Charts 


ee S. SMITH, Professor of Mathe- 
eee s, University of Cineinnat “158 
ages, 6x 9 in. Publ, V 
i in. ished by McGraw- 
a Book Co., Inc., 330 W ‘ond S 
New York 18, N. Y. $3 ‘ 1a SI 


Desioned f 
a g the busy executive in 
fied ee = 00k provides a simpli- 
charts of a rematical introduction t0 
ering eo quality control co’ 
a i construction, interpretation 

practical application. Contro! 











SOL 
Atlar 


















oin 
ypes 
00k 










dus- 
are: 
| hot 
nills, 
nem- 
rices, 
and 
and 

for 
| ap- 


data 






From left to right—who’s right? 








pora: “We CAN convert to aluminum! It’s adaptable to almost 
54 x any product!” He’s right! There’s an alloy of Kaiser “ : : : 
Aluminum for almost every type of manufactur- Our congue are converting and are taking al cus 
i ing operation. Kaiser Aluminum can be formed, tomers!” He’s right! Makers of everything from 
nical drawn, spun, brazed, welded. joined. It can be general appliances to garage doors, from toys to 
icula- painted or polished, or finished in almost any way. trailers, have converted to Kaiser Aluminum, be 
with finding their products more saleable! Today, more 
than 1.000 manufacturers are making hundreds of 
ble. different products out of Kaiser Aluminum. 
and 
y cal 
Ele: “But aluminum costs too much!” He's wrong! Alumi- 
3 num is now at the lowest price in history! Figure 
mà aluminum on a unit cost basis—not per pound i á 
>rsion and you'll find that it compares favorably with A We can be sure of a steady, long-term supply!” He's 
ation any other metal or material. Besides, delivered right! Permanente Metals, in less than two years, 





É 


has added millions of pounds to the nation’s an- 
nual aluminum production. And, you can be cer- 
tain of on-time deliveries. Call any of our offices 
and an experienced sales engineer will demon- 
fatne- strate how you can convert to Kaiser Aluminum ! 


ager Alumina /// a Permanente Metals product 


tation SOLD BY PERMANENTE PRODUCTS COMPANY. KAISER BUILDING, OAKLAND 12, CALIFORNIA ... WITH OFFICES IN: 


price includes freight charges. and substantial 
savings are made on handling. finishing. shipping. 





me Atlanta * Boston © Buffalo « Chicago ¢ Cincinnati ¢ Cleveland ¢ Dallas ¢ Detroit ¢ Kansas City « Los Angeles ¢ Milwaukee 
on & Minneapolis ¢ New York ¢ Oakland ¢ Philadelphia ¢ Seattle ¢ St. Louis * Wichita 
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fective, number of defectives and num- 

| ber of defects are developed gradually | 
with careful explanations and clear | 
diagrams. Mathematical formulas are 
used but held to the absolute mini- 
mum. 


ane ahs 
fe) | Te Because of their importance to the 


basic understanding of control charts, 
| frequency curves are disc ussed in full, © ©, U si E A G S 

Ji Na iE | and their value in interpreting statis- 
OO bats Or | tical data is clearly explained. Other 


special features include a new method Engineered to stand up on 
| of determining satisfactory location of . 
r phe grag in ge. Pago the toughest jobs, Thomas 
ec1a control limits with respect to specin- lexibl li d 
cation limits, and a labor-saving table Flexible Coup ings do not 
| for computing control limits for a depend on springs, gears, 
chart of fractional derivatives. rubber or grids to drive. All 


or 7 a power is transmitted by di- 
| Electronic Engineering Principles T 
| rect pull, 

Jonn D. RYDER, Ph.D., Professor of 
Electrical Engineering, lowa State Col- PIRNI The standard 
lege. 397 pages, 64 x 94 in., pub- T Eg lineof Thomas 
. i L} lished by Prentice-Hall, Inc., 70 Fifth $ Couplings meets 
in quantities i Ave., New York 11, N. Y. $6.65. Art v] practically all 
Textbook stresses fundamentals for XQ, ~ requirements, 
suitable to volume understanding the electron tube as a re But if unusual 
useful engineering device. Several conditions exist 
problems and published references II n we are equipped 
are included at the end of each chap- ‘ PE to engineer and 


Fasteners... 


production--Call upon 


ter. i A build special 
United-Carr. Our The 16 chapters include: Funda- tate 

mental particles; electron ballistics; 
emission characteristics; diode recti- 
fiers; vacuum triode; multi-element 
\ tubes; amplifiers; gas diodes; gas con- 
are available to trol tubes and circuits; and photo- 


couplings. 


Design Engineers 


| electric cells. 

j work directly i = 
Steel and Its Heat Treatment, 
Volumes I and II 


D. K. BULLENS and The Metallurgical 
Staff of Battelle Memorial Institute. PATENTED 
to show you how to Fifth Edition. Vol. I: 489 pages; FLEXIBLE 
Vol. Il: 293 pages. 6 x 94 in. Pub- mous 
lished by John Wiley G Sons, Inc., 
* CUT COSTS F 140 Fourth Ave., New York t6. N. Y. 


$6.00; $4.00. 


* SPEED PRODUCTION In 1916 the Battelle metallurgists 


wrote the first edition of this book to 

link together the theoretical and prac- 

* TURN OUT FINER tical aspects of steel and its heat treat- 
ment. This 5th edition appears in 

FINISHED PRODUCTS three volumes: Vol I concerns defi- 
nitions, terminology, and fundamental 

concepts associated with the heat 

treatment of steel. Limitations and 

uses of tests for evaluating suitability 


UNITED- CARR for heat treatment, as well as the suit- THE THOMAS PRINCIPLE 


ability of the product for engineer- 

ing use, are ea discussed. Vol II GUARANTEES PERFECT 
yea Corp. deals with the equipment and processes BALANCE UNDER ALL CON- 
aT and control of heat treatment—the DITIONS OF MISALIGNMENT 
aay: NL hla abi application of the principles described 
CAMBRI in Vol I. The third volume, yet to 


appear, will cover types of steels, THOMAS FLEXIBLE 


their selection and heat treatment. 
Major revision was undertaken to | COUPLING CO. 
naasst odihna include the bits of new information | 
on practice and theory that grew out | WARREN, PENNSYLVANIA 
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with yours-- 


Write for New Engineering Catalog 
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First All-Welded Crankcase Reduces Costs 54% 
..- Improves Appearance 


By M. V. Caldwell, President 


Globe Mfg. and Compressor Co. 
Battle Creek, Michigan 


HE redesign of our air compressor 

crankcases was born of necessity. 
Past difficulties in obtaining parts of the 
conventional construction for the orig- 
inal design prompted us to convert to 
welded design and led to what we be- 
lieve is the first all-welded crankcase 
used in the compressor industry. The 
changeover was accomplished gradually, 
one step at a time so as not to affect 


production schedules. 


Fig. 1 shows the original construction 
of cylinder and crankcase assembly for 
our 20 C.F.M. air compressor. This unit 
had a total weight of 15115 Ibs. and cost 
$29.57 for material and direct labor. In 
the first step toward welded construc- 
tion, the lower crankcase only (Fig. 2) 
was welded and assembled to the cylin- 
der and upper crankcase castings. The 
total weight of this design is 85 lbs., and 


its cost is $25.81 for material and labor. 


Our success with the welded lower 





Fig. 1. Cylinder and crankcase assembly 


riginally used. Cost $29.57. 


3. Fabricated steel parts for 
all-welded crankcase. 





P Fig. 4. Present all-welde 





crankcase encouraged a further devel- 
opment shown in Figs. 3 and 4. This 
all-welded crankcase weighs 23 Ibs. and 
costs only $13.76. A comparison of the 
original cost of $29.57 with this reduced 
cost of -$13.76 represents an over-all 


production saving of 54¢ b 


The component parts for the all- 





Fig. 2. Intermediate step in welded de- 
velopment. Welded lower crankcase as- 
sembled to upper crankcase and cylinders. 


crankcase and é ylinder 15- 


sembly. Cost $13.76 


welded crankcase are fabricated from 
1g” and 3” sheared mild steel plate as 
shown in Fig. 3. The parts are clamped 
solidly in a universal jig for downhand 
welding, and then we weld inside and 
outside with 3” “Fleetweld 5” electrode 


> 


using 300-amp. Lincoln ‘“Shield-Arc’ 
Welders. 


Several indirect benefits are gained 
with our welded design. In order to 
reach the required production, new and 
more elaborate patterns for grey iron 
would have been required at a cost of 
approximately $4,000 besides the ex- 
pensive heavy fixtures necessary in ma- 
chining the unwieldy cylinder casting. 
This cost has been avoided. In addition, 
an exceptionally high scrap loss, orig- 
inally experienced in the lower crank- 
case, has been eliminated by the welded 


steel construction. 


Savings made in weight are important 
to us because our selling prices are made 
f.o.b. the destination. Also reduc uon in 


. r zt P. 
base size from 20” x 26” to 16” x 22’ 


22” i 
a great advantage in export shipping 
costs. Last, but by no means least, the 
welded construction simplifies painting 
and finishing to produce a more pleasing 


appearance and smoother finish. 


The above is published by LINCOLN ELECTRIC in the interests of progress. Machine Design Studies are available to engineers and designers. 


Write The Lincoln Electric Company, Dept. 24, Cleveland 1, Ohio. 


Advertisement 
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This is how STROM BALLS are born 















A heading machine cutting sections from heated 
steel rods and compressing them in a die 
to a rough spherical shape 





E ae 






iw 





The steel is carefully chosen and inspected, even before it gets to the 
heading machine. After being “born” here, balls are carefully “brought 
up,” through a long series of grinding and lapping operations, to the 
unbelievab!y high standards of finish, sphericity and precision which have 
made Strom Metal Balls the standard of Industry. Strom Steel Ball Co., 
{850 South 54th Avenue, Cicero 50, Illinois. 


Strom BALLS @) Serve industry 


Largest Independent and Exclusive Metal Ball Manufacturer 















TWO NEW INSTRUMENTS 
FOR EXPERIMENTAL STRESS ANALYSIS 


















MODEL 301 STRAINMETER MODEL 302 BRIDGE BALANCER 
© Accommodates 24 strain gages ® Channels 24 strain gages into single- 
è Sensitivity .000002 in./in. channel strain detector 
è Total Range .012 in./in. © Zero balance for each gage 
® Accuracy within one percent è Heavy silver switch contacts 
© Zero balance for each gage ® Weighs only eleven pounds 


Write for complete information on these instruments. 


Engineering Services Available: 
Static and Dynamic Strain Gage Measurements 
Stress Analysis 
Mechanical and Industrial Electronic Development and Design 


ANDERSON-FLUKE f(}/ ENGINEERING CO. 


Springdale, Conn. 
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of war work. The result is a practical, 
up-to-date treatise on steel that ad. 
mirably serves the design engineer, 

Many parts of Vol I have the 
mechanical engineers approach— 
“How Much Ductility Is Enough?”: 
effect of directional properties; con- 
ventional tests, including types of 
hardness testing and their correlation: 
stress raisers, factors in fatigue, design 
for limited life, local cold working; 
are all discussed in Chapter 6. And, 
incidentally, supported by a 5 page 
bibliography on these topics alone, 
Chapter 7 on impact testing is also 
valuable. Other useful topics in Vol 
I: Machinability, internal stress, “How 
Not to Use S Curves,” stress relief 
annealing. 

Vol II is more of a metallurgist’s 
or production man’s book, although 
most of the topics provide useful back- 
ground for the mechanical engineer. 
Some subjects are flame and induc- 
tion hardening, nitriding, carburizing, 
controlled atmospheres, heating and 
cooling methods. Chapter 13 on the 
heat treatment of cast and malleable 
irons, Chapter 14 on graphite and 
steels, and Chapter 15 on heat treat- 
ment in relation to welding and ma- 
chining are especially useful. 

Both volumes have many illustra- 
tions and tables, and contain excellent 
bibliographies to books, journals, and 
magazines at the end of each chapter. 


Mechanics of Materials 


PHILIP C. LAURSON, Associate Profes- 
sor of Civil Engineering, Yale Univer- 
sity, and WILLIAM J. Cox, formerly 
Assistant Professor of Engineering Me- 
chanics, Yale University. Second 
Edition. 422 pages, 54 x8} in. Pub- 
lished by John Wiley & Sons, Int, 
440 Fourth Ave., New York 16, 
N.T.: S4. 

This is a first text in strength of 
materials for undergraduates. It 1s 
simple and has been arranged so that 
more complicated subjects such as 
torsional stress and eccentrically loaded 
columns can be omitted or handled as 
separate topics. Although the authors 
mention the significance of stress con: 
centration, the design engineer would 
wish for more emphasis on the fact 
that uniform stress distribution rarely 
occurs in machine elements. 


Powder Metallurgy—lIts Physics 
and Production 


PAUL SCHWARZKOPF. 366 pages, © % 
9 in. Published by The Macmillan Ci 
60 Fifth Ave., New York, N. Y. $. 


Written by a pioneer metallurgist 
who is responsible for many of the 
major developments in the field, this 
book deals with the details of al 












BIG SAVINGS RESULTED when this refrigerator finishes that require little or no buffing . . . features 
manufacturer changed from setup wheels to 3M_ that mean lower production cost and faster pro- 
Abrasive Cloth Belts. Studies of his stainless steel duction time. 
weld grinding and finishing operations show pro- No matter what the surface to be finished, whether 
duction is 50% faster, with far better finishes. flat or contoured, molded or forged, there is a 3M 
This is typical of many reports we have received engineered method to do the job for you faster and 
telling us of the spectacular results secured with 3M __ better. Ask your local distributor of 3M products 
Abrasive Cloth Belts and 3M Contact Rolls. This forcompleteinformationon this cost-cutting method 
engineered grinding and finishing method not only or use the coupon below to secure a free copy of 
removes more metal per minute but also produces our booklet “Step Up Production.” 


Please send us a copy of your booklet “Step Up 
ba. ABRASIVE BELTS 
S 3M PRODUCT 


Made in U. S. A. by. 


~ Minnesota Mining a Mre. Co. 
Saint Paul 6, Minn. 
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EXACTLY THE SAME! 


Precision dies and precision methods 
at Booth’s produce felt parts of con- 
sistent accuracy. 

Add to this our high standards of 
quality plus prompt, interested atten- 
tion to all orders, small or large, and 
you've a picture of the kind of service 


you get from Booth. 


APPLICATION CHART AND 
SAMPLE KIT... contains swatches 
of S.A.E. felt types, with specifi- 
cation tables. Write for it. (No 
sales follow-up.) 
THE BOOTH FELT COMPANY 
415 19th Street Brooklyn 15, N. Y. 


136 Sherman Street Chicago 5, III. 


2321 


olh 


TRADE Matk 


PRECISION CUT 
FELT PARTS 


phases of the young industry. The 
four sections entitled Processing, 
Products, Theoretical Principles and 
Future Developments, profusely illus- 
trated with charts, curves and pictures, 
cover each phase from the funda- 
mental definitions of terms, through 
complete descriptions of testing and 
processing equipment for treatment of 
each powdered metal, to a review of 
recent developments and future pos- 
sibilities. Lengthy bibliographies wind 
up each section, thus providing a com- 
plete reference library of information 
for engineers, scientists and others 
working in this and allied fields. 


National Electrical Code Handbook 


ARTHUR L. ABBOTT. Sixth Edition. 
633 pages, 43 x 7 in. Published by 
McGraw-Hill Book Co., Inc., 330 W. 
42nd St., New York 18, N. Y. $4. 


Based on the 1947 edition of the 
National Electrical Code, this hand- 
book presents detailed discussions of 
the Code rules wherever anything of 
value can be contributed that will 
make the practical application of the 
rules clear and easily understandable. 

The sequence of the sections and 
paragraphs in the Code articles has 
been rearranged wherever it was pos- 
sible to group the rules in clearly 
defined subdivisions. 

A key to the Code requirements, 
presented on the inside cover and fly- 
leaf, forms a ready general index and 
shows clearly the fundamental divi- 
sions of the Code. 

As a supplement to the subject 
index, the handbook includes a cross 
index for finding sections of the book 
that correspond to any given Code 
paragraph. 


Industrial Management 


WILLIAM R. SPRIEGEL, Professor of 
Industrial Management, Northwestern 
University, and RicHarp H. LANS- 
BURGH. Fourth Edition. 656 pages, 
61 x 94 in. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., Neu 
York 16, N. Y. $5.00 


As a survey of industrial manage- 
ment, this text provides an adequate 


introduction to the many problems of 


the field. Discussions on Basic Man 
agement Decisions and Plant Loca- 
tion are followed by analysis of or- 
ganization structure. Chapter 8 on 
Product Development and Research 
presents a hasty view of this aspect. 
Part IV on Plant and Equipment leads 
into sections on Motion and Time 
Study, Wage Payment, Buying, Sell- 
ing and Transportation, Material and 
Production Control and Industrial 
Relations. 





Of course you want to design 
better products that can be pro- 
duced at lower cost. 


WE WANT TO HELP YOU... 


We know that if the product is 
designed for resistance welding 
—you can do both, and the equip- 
ment will pay for itself in as lit- 
tle as two weeks. 


HOW?... 


It costs less to projection weld or 
spot weld than to use other—less 
secure—fastening methods. It is 
quicker and cheaper to seam w eld 
than to deep draw. Flash welding 
saves machining time, simplifies 
forging, etc., etc., and you get a 
better product. 


WHAT TO DO... 


See the Progressive “Welding 
Pictorial”. Each issue contains 
practical data on designing for re- 
sistance welding. 


FREE... 


`o design engineers and others 
concerned with metal fabrication. 


Ask for it today. 


i, | 


PAYS 


(PROGRESSIVE 


p yl 
WELDER COMPANY 


3050 E. OUTER DRIVE, DETROIT 12, U.S.A 
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Today’s high-speed production 
techniques demand tools that can 
machine parts to close tolerances 
with utmost precision—and on a 
mass production basis! Machine 
tools capable of such performance 
require motors that operate 
smoothly, quietly and with mini- 
mum vibration. Wagner Motors 
are famous for these qualities and 
for rugged dependability, out- 
standing service, and economical 
Operation as well! 


That’s why you find hundreds of 
thousands of Wagner Quality 
Motors on the job driving all 
kinds of industrial machines and 


For MASS PRODUCTION 72s PRECISION 


„equip Machine Tools with Wagner Motors 


g 


equipment . . . That’s why so many 
manufacturers have standardized 
on Wagner Motors. If you manu- 
facture or use motor driven equip- 
ment, Wagner can furnish the right 
motor for your purpose. And, 
remember—speedy, nationwide 
service facilities are available to 
users of Wagner Motors. 
Wagner maintains twenty-nine 
branch offices, located in principal 
cities. These offices are manned by 
trained field engineers who will 
be glad to help you solve your 
motor application problems. 
Write for Bulletins on the com- 
plete line of Wagner Motors. 


Wagner Electric @rporation 


6406 PLYMOUTH AVE., ST.LOUIS 14, MO., U.S. A 
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+ ELECTRIC MOTORS + TRANSFORMERS +» INDUSTRIAL BRAKES + AUTOMOTIVE PRODUCTS » 











Totally-enclosed Fan- 
cooled Motor 

























Totally-enclosed Non- 
ventilated Motor 










with the New 


DI-ACRO 
BRAKE 












@ ROK-LOK—new sensitive material clamp increases accuracy 
® DOUBLE-EDGED FORMING BLADE allows close reverse bends 
@ NEW PRECISION STOPS accurately control angularity of bends 






This versatile metal forming machine was developed 

for use in model shops, experimental laboratories and production depart- 
ments where it often replaces dies for all types of precision forming opera- 
tions. Di-Acro Brakes will form a great variety of materials including 
bronze, stainless steel, aluminum and bi-metals. 


WRITE FOR CATALOG. New edition of 40-page Di-Acro Catalog contains 
detailed information on all Di-Acro Brakes, Shears, 


and Benders and illustrates how these precision ma- 
chines can be used individually or cooperatively for 







“DIE-LESS DUPLICATING”. 
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€ DI-ACRO is Pronounced “Die-Ack-Ro" 


ET Nee hs 


316 8TH AVE., LAKE CITY, MINNESOTA 


Solve Your Design, Fabrication 
and Delivery Problems by 


METAL SPINNING 
“TEINER” offers Time and Money Savings 


Metal spinning the “‘Teiner” way will enable you to simplify designs and 
speed up production. In small runs you can save the cost of expensive 
dies and castings. 


“TEINER” is well qualified to be of assistance to you. As specialists in 
metal spinning for over fifty years, we are in position to offer valuable 
help in both design and production so that full advantage can be taken of 
the great savings possible through spinning, as well as the greater 
strength and finer quality of the parts produced. We are also equipped 
to fabricate commercial flange and disc heads. 


An unusual and important part of “TEINER” service is the spinning of 
stainless steel. Here again, spinning eliminates the need for expensive 
castings and machining. It will be to your advantage to submit drawings 
or samples of your parts for a cost estimate of producing your require- 
ments by spinning. Your inquiries are solicited. 


Other “TEINER” Services 


Stamping .... Fabricating .... Assembling .... Soldering .... Silver 

Brazing .... Lacquering .... Welding. .etc. TEINER assures expert work in 

all metals and in any quantities exactly to specifications. Our engineers 
are ready to cooperate with you on your needs. 


ROLAND TEINER COMPANY 


TEL. EVERETT 2669 
130 TREMONT ST. EVERETT 99, MASS. 
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A La the Birds 
To the Editor: 


Enclosed is a picture of the Boeing 
XB-47 taken from your January issue. 
The caption states: ‘The new bomb. 
er's wings have the appearance of 
drooping but in flight will rise to a 
level higher than horizontal. 
Somebody in your organization has 
been using their imagination as this 
statement pertaining to the B-47 is 
certainly incorrect. 

The “droop wing” is designed into 
the airplane in order to improve the 
stability of the airplane when using 
sweep-back wings. With this design 
the effective dihedral changes so 
rapidly with a change in the lift co- 
efficient that the rate of change of the 
rolling moment co-efficient produces 
instability. When straight wings are 
used, positive dihedral improves the 
lateral stability—-CoL—E H. Morrow 

Racine, Wis. 



















Ed.—Our imagination did get the 
better of us—we regret the error. 







We Like the U. S. A. 
To the Editor: 


Commenting on your Editorial in 
the January number, the first two para- 
graphs in which you laud the German 
scientists is absolute unadulterated 
baloney. I have yet to find evidence 
of any original thinking among Ger- 
man scientists. Why did they lose 
two wars? 

As to our own scientific endeavors, 
we do not have now, and are not 
likely to have the contemplative at- 
mosphere conducive to research in 
pure science. We have not yet learned 
the art of living. 

Your statement that the solution 
does not lie solely in government 
sponsored pure science research leads 
me to comment that this is the Rus- 
sian system you extol. Your state- 
ment that Russia is conducting in- 
tensive pure science research is only 
hearsay. You don’t have the facts 
quite evidently. — Signed — Anon): 
mous 




















Ed.—The gentleman did not sign his 
name, so we are at a loss to judge the 
atmosphere in which he lives. But 
we do want to say most emphatically 
that PRODUCT ENGINEERING does not 
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METAL HOSE 


THE AMERICAN BRASS COMPANY 


American Metal Hose Branch 
General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


Throughout Canada: 
THE CANADIAN FAIRBANKS-MORSE CO., LTD. 
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CONNECTOR PROBLEMS 


CUSTOM DESIGN 
COSTS NO MORE 


ppum THAN EXPERIMENT with your connector prob- 

lems, you can profit by submitting them to American 
engineers. For we have been specializing in flexible metal 
connector problems for forty years. 

American designs the connector to your exact require- 
ments—complete with special end fittings attached—at no 
extra cost. Whether it’s conveying steam, oil, water, other 
liquids, semi-solids or gases, there’s a type of American 
Flexible Metal Hose or Seamless Flexible Metal Tubing de- 
signed for easy installation and long life. 

American Seamless Flexible Metal Tubing— made from 
seamless bronze tube, corrugated for maximum flexibility 
—is standard in sizes 1%” to 4” I.D. American Metal Hose, 
manufactured from continuous strips of brass, bronze, 
aluminum, steel and other metals in four spirally wound 
types— with joints packed or unpacked —is available in 
sizes ¥g” to 12” I.D. Write for literature. And feel free to 
consult our Technical Department at any time. 15287 
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Filter press made by T. Shriver & Company Inc., 
Harrison, New Jersey. Steam lines are 12” I.D. Seam- 
less Flexible Bronze Tubing—designed by American. 
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SWIFT © SURE* STURDY > SILENT e SMOOTH e STEADY 


p often remarked that 
no piece of equipment can be 
superior to its component parts... 
You appreciate the broad rec- 
ognition and acceptance of BCA 
Ball Bearings in industry... 
You know 
engineers to draw upon our half- 


you can tell your 


century of experience in friction 
control practices, encompassing 
many varied fields of industry... 

You, who insist upon continu- 
ous, full-capacity, trouble-free op- 
eration, know this can be assured 


by specifying BCA Ball Bearings. 


BEARINGS COMPANY OF AMERICA 
LANCASTER, PENNSYLVANIA 


eB AY 


RADIAL- ANGULAR CONTACT- CT- THRUST 


BALL BEARINGS 


PRODUCT 


extol the Russian system and we be- 
lieve that our Russian and European 
correspondents send us information, 
not hearsay. . Perhaps we have not 
yet learned the art of living, but the 
good old U.S.A. still has the best 
living of any spot on earth, for which 
we are duly thankful. 


Model Operator 
To the 


A number of references 
peared in your valued publication 
concerning machine models to be 
used in laying out production plants 
and also to be photographed in their 
working relationship to give custom- 
ers an idea of some special arrange- 
ments. 

May I have the 
specializing in the 
such models. 


Editor: 


have ap- 


names of firms 
manufacture of 


NICHOLAS MONSARRAT 
Pantex Mfg. Corp. 
Pawtucket, R. 1. 


Ed.—Here are a few: 

John Hill Layouts, Mount Clemens, 
Mich. (Plexiglas Magne-Plastic 
machinery templets) 


Models Inc., North Bergen, N. J. 
(Technical models) 


Monroe Miniature Modelers, Mon- 


roe, Mich. (Factory layouts) 


Stark Industrial Models, 95 
St., New York 14, N. Y. 
“Visual” Planning Equipment Co., 
6247 Broad St., Pittsburgh 6, Pa. 
(3-dimensional planning  equip- 
ment ) 


Jane 


What’s the Whole Story? 
To the Editor: 


There was mention in the Progress 
in Review sectiog’ of an aluminum 
solder known as Alsoco. 

We would like*to know who tested 
the solder, who is selling or manu- 
facturing it and any additional in- 
formation that you might have on this 
subject.—J. W. PRYOR, Surface Com- 
bustion Corp. i 


Ed.—Drop a line to Alsoco Corp., 10 
E. 52nd St., New York, N. Y. They 
have the dope. 


Submersible Motor-Pump 
Editor: 


In our plant we require a motoi 
driven pump unit which can be sub- 
mersed, motor and all. We recall 4 
reference to such equipment in you! 
publication but are unable t locate 
the information. 

We would appreciate yo 
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“OUR OVERHEAD IS HIGH AND 
GETTING HIGHER BUT WE CAN 
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Ex-Cell-O Piston Boring Machines Cut 
Unit Costs with Fully Automatic Operation 


One solution to the problem of rising labor and material costs is 
through the use of more automatic machinery. For instance, the 
Ex-Cell-O Piston Boring Machine shown to the left provides an 
excellent illustration of how automatic operation increases output 
per manhour. The pistons are fed into the machine from a chute, 
and after being rough and finish bored they are ejected onto a con- 
veyor belt at a rate of 200 pistons per hour net! Pistons come to the 
machine with the wrist pin holes just as they are cast—no previous 
operations on them are necessary. The operator’s only function is 


to load the work into the chute and spot check the finished parts. 
In many instances, one man can take care of several machines. 


EX-CELL-O 


CORPORATION 


DETROIT 6, MICHIGAN 





Spur—bevel—spiral—zerol—worms 
and worm gears—racks—sprockets. 
All are precision cut on up-to-the- 
minute equipment exactly to your 
specifications. Prompt quotation upon 
receipt of ‘your sample or blueprint. 


E. B. SEWALL MANUFACTURING CO. 


696 Glendale St. St. Paul 4, Minn. 


oN <u : 
f 


FLEXIBLE SHAFTS 


Wherever power drives or remote control are re- 
quired, you can depend upon us to produce the 
Fiexible Shafts that will meet the exact specifica- 
tions. We have years of experience in manufactur- 
ing flexible shafting for all types of industry. If we 
do not have what you require in stock, we can 
make shafts to your specifications. Our engineers 
will be glad to work out your problems without 


Many new uses for flexible shafts that carry power around any corner have been 

developed by our engineers . .. in machine shops, electronic, automotive, aircraft, 
in all industries where power drives or remote control are 
required. Write for Manual P. E. 


F. W. STEWART MFC. CORPORATION 


4311-13 RAVENSWOOD AVE. CHICAGO 13, ILL. 
WEST COAST BRANCH: 431 Venice Blvd.; Los Angeles 15, Cal. 
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warding the name and address of the 
manufacturer and any additionai in- 
formation you might have on this 
subject.—C. O. SCHUPP, Supervising 
Eng neer 

The George T. Stagg Co, 

Frankfort, K}. 


Ed.—The article “Submersible Pum 
Has Fluid Primer,’ Propucrt ENG- 
NEERING, January 1948, page 108, is 
the one you recall. This pump was de. 
veloped by Worthington-Simpson Ltd, 
London, England. Byron Jackson Co, 
E. Slauson & Thomas Aves., Los An- 
geles, Calif., make similar equipment. 


Plastic Belting 


Numerous requests have been re- 
ceived for additional information 
about Fuse-ite plastic belting as men- 
tioned in the Progress in Review 
columns. 

We feel sure there are others who 
would welcome this information. Jules 
Borel and Co., 410 Altman Building, 
103 E. 11th St., Kansas City 6, Mo, 
are the American manufacturers of 
this product. 


Many Thanks 
To the Editor: 

May I compliment you wun your 
editorial, “Some Are Merely Brick- 
layers,” as published in the Decem- 
ber issue of PRODUCT ENGINEERING. 
I have been so forcibly impressed 
that I would like a reprint. 

I feel that local engineering clubs 
might do well to post a copy of this 
editorial in their meeting rooms. 

—W.C. Ropcers, Works Manager 

The Perkins-Elmer Corp. 
Ed.—The reprint went out by retum 
mail. We have a few more copies 
to give away. 


A Matter of Concern 
To the Editor: 


In your February 1948 issue there 
is a notice on page 159 of my elec 
tion as president of the Society of 
Automotive Engineers. It is there 
stated that I am chief engineer of 
Shell Development Co.; this is quilt 
a serious error. Shell is a very g 
company, but I don’t work for them. 
My company is Gulf Research & 
Development. —R. J. S. PiGoTt 

Chief Engineet 

Gulf Research & Development Co. 


Ed.—Unfortunately, the publicity © 
lease announcing Mr. Pigott instal- 
lation was-in grievious error and out 
news editor didn’t catch it. Out 
apologies to Mr. Pigott. 
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